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1
RAAV-BASED COMPOSITIONS AND
METHODS FOR TREATING ALPHA-1
ANTI-TRYPSIN DEFICIENCIES

RELATED APPLICATIONS

This application is a National State Application PCT/
US2012/034446, field on Apr. 20, 2012, and entitled “RAAV-
BASED COMPOSITIONS AND METHODS FOR TREAT-
ING ALPHA-1 ANTI-TRYPSIN DEFICIENCIES,” which
claims priority under 35 U.S.C. §119(e) to U.S. Provisional
Application Ser. No. 61/477,671, entitled “RAAV-BASED
COMPOSITIONS AND METHODS FOR TREATING
ALPHA-1 ANTI-TRYPSIN DEFICIENCIES” filed on Apr.
21, 2011, which is herein incorporated by reference in its
entirety.

FEDERALLY SPONSORED RESEARCH

This invention was made with Government support from
the National Institutes of Health under Grant Numbers
HL69877 and P30 DK 32520. The Government has certain
rights in the invention.

FIELD OF THE INVENTION

The invention relates to methods and compositions for
treating genetic disease using rA AV-based vectors.

BACKGROUND OF THE INVENTION

Numerous diseases are associated with inherited or
somatic mutations. In many cases, these mutations are
present in the transcript region of genes, the products of
which control important physiological functions including,
for example, gene expression, cell signaling, tissue structure,
and the metabolism and catabolism of various biomolecules.
Mutations in these genes, which are often only single nucle-
otide changes (e.g., non-sense mutations, missense muta-
tions), can have negative effects on the expression, stability
and/or function of the gene product resulting in alterations in
one or more physiological functions.

A number of different mutations have been identified in the
Alpha-1 antitrypsin (AAT) gene. AAT is one of the primary
circulating serum anti-proteases in humans. AAT inhibits a
variety of serine proteinases, with neutrophil elastase being
one of the most physiologically important, as well as inhib-
iting a number of metalloproteinases and other pro-inflam-
matory and pro-apoptotic molecules. AAT is normally pro-
duced within hepatocytes and macrophages, where
hepatocyte-derived AAT forms the bulk of the physiologic
reserve of AAT.

Approximately 4% of the North American and Northern
European populations possess at least one copy of a mutant
allele, known as PI*Z (Z-AAT) which results from a single
amino acid substitution of lysine for glutamate at position 342
in the mature protein (position 366 in the precursor protein).
In the homozygous state, this mutation leads to severe defi-
ciency of AAT, and can result in two distinct pathologic states:
a lung disease which is primarily due to the loss of antipro-
tease function, and a liver disease (present to a significant
degree in approximately 10-15% of patients) due to a toxic
gain of function of the Z-AAT mutant protein.

Investigational clinical gene therapy products for gene
augmentation of AAT have been developed as potential treat-
ments for lung disease using the recombinant adeno-associ-
ated viral (rAAV) vectors. Researchers have also applied
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genetic technologies in an effort to down-regulate the levels
of AAT mRNA. One approach was to utilize hammerhead
ribozymes designed to cleave AAT mRNA at a specific site.
Another approach involves the use of RNA interference to
decrease levels of the mutant mRNA transcript.

SUMMARY OF THE INVENTION

Aspects of the invention relate to improved gene therapy-
based methods for treating genetic disease. Some aspects of
the invention relate to improved gene therapy compositions
and related methodology for treating lung disease and/or liver
disease using the recombinant adeno-associated viral vectors.
In some embodiments, the methods utilize rAAV (e.g.,
rAAV9, rAAV2, rAAV1) based vectors for augmenting AAT
expression. In some embodiments, compositions and meth-
ods are provided for decreasing the expression of Pi*Z mutant
AAT protein. In such embodiments, the compositions and
methods are useful for halting and/or ameliorating hepatocel-
Iular damage and other tissue damage associated with the
mutant AAT.

According to some aspects of the invention, the composi-
tions and methods are useful for knocking down PiZ protein
while at the same time increasing levels of the M-A AT protein
(the wild-type AAT protein). In some embodiments, a non-
toxic dual function vector is provided that is capable of
knocking-down Z-AAT while augmenting M-AAT. Accord-
ing to some embodiments, methods and compositions for
long-term expression of therapeutic miRNAs are provided
that utilize the recombinant adeno-associated virus (rAAV)
platform. In some embodiments, therapeutic compositions
and methods described herein take advantage of the miRNA
pathway by altering the seed sequence of natural miRNAs to
target the endogenous AAT gene. In some embodiments, the
methods are safer and less toxic than shRNA-based
approaches.

According to other aspects of the invention, rAAV-based
compositions and methods are provided that simultaneously
direct silencing agents to the liver to decrease Z-AAT expres-
sion and direct gene augmentation to other sites. However, in
some embodiments, the liver is an optimal target tissue for
augmentation. In some embodiments, a miRNA-based
approach is provided to stably down-regulate Z-AAT within
hepatocytes. In some embodiments, the approach allows for
simultaneous M-AAT gene augmentation from the same
rA AV gene delivery vector without serious perturbation of the
overall hepatic miRNA profile. In some embodiments, the
specific vector used is a systemically delivered rAAV9-capsid
derived vector. According to some aspects of the invention,
this approach has broad utility in genetic disorders stemming
from dominant negative and gain of function mutations as
well as for delivering artificial miRNAs to be delivered in
conjunction with therapeutic genes.

According to some aspects of the invention, isolated
nucleic acids are provided. In some embodiments, the iso-
lated nucleic acids comprise (a) a first region that encodes one
or more first miRNAs comprising a nucleic acid having suf-
ficient sequence complementary with an endogenous mRNA
of a subject to hybridize with and inhibit expression of the
endogenous mRNA, wherein the endogenous mRNA
encodes a first protein; and (b) a second region encoding an
exogenous mRNA that encodes a second protein, wherein the
second protein has an amino acid sequence that is at least 85%
identical to the first protein, wherein the one or more first
miRNAs do not comprise a nucleic acid having sufficient
sequence complementary to hybridize with and inhibit
expression of the exogenous mRNA, and wherein the first
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region is positioned within an untranslated portion of the
second region. In some embodiments, the untranslated por-
tion is an intron. In some embodiments, the first region is
between the first codon of the exogenous mRNA and 1000
nucleotides upstream of the first codon.

In some embodiments, the isolated nucleic acids comprise
(a) a first region encoding one or more first miRNAs com-
prising a nucleic acid having sufficient sequence complemen-
tary with an endogenous mRNA of a subject to hybridize with
and inhibit expression of the endogenous mRNA, wherein the
endogenous mRNA encodes a first protein; and (b) a second
region encoding an exogenous mRNA that encodes a second
protein, wherein the second protein has an amino acid
sequence that is at least 85% identical to the first protein,
wherein the one or more first miRNAs do not comprise a
nucleic acid having sufficient sequence complementary to
hybridize with and inhibit expression of the exogenous
mRNA, and wherein the first region is positioned downstream
of'a portion of the second region encoding the poly-A tail of
the exogenous mRNA.

In some embodiments, the isolated nucleic acids further
comprise a third region encoding a one or more second miR-
NAs comprising a nucleic acid having sufficient sequence
complementary to hybridize with and inhibit expression of
the endogenous mRNA, wherein the third region is posi-
tioned within an untranslated portion of the second region. In
some embodiments, the untranslated portion is an intron. In
some embodiments, the first region is between the last codon
of the exogenous mRNA and a position 1000 nucleotides
downstream of the last codon. In some embodiments, the
third region is between the first codon of the exogenous
mRNA and a position 1000 nucleotides upstream of the first
codon.

In some embodiments of the isolated nucleic acids, the first
region encodes two first miRNAs. In some embodiments, the
first region encodes three first miRNAs. In some embodi-
ments, the third region encodes two second miRNAs. In some
embodiments, the third region encodes three second miR-
NAs. In some embodiments, one or more of the first miRNAs
have the same nucleic acid sequence as one or more of the
second miRNAs. In some embodiments, each of the first
miRNAs has the same nucleic acid sequence as one of the
second miRNAs. In some embodiments, the second protein
has an amino acid sequence that s at least 90% identical to the
first protein. In some embodiments, the second protein has an
amino acid sequence that is at least 95% identical to the first
protein. In some embodiments, the second protein has an
amino acid sequence that is at least 98% identical to the first
protein. In some embodiments, the second protein has an
amino acid sequence that is at least 99% identical to the first
protein. In some embodiments, the second protein has an
amino acid sequence thatis 100% identical to the first protein.

In some embodiments of the isolated nucleic acids, the first
protein is Alpha 1-Antitrypsin (AAT) protein. In some
embodiments, the AAT protein is a human AAT protein. In
some embodiments, the AAT protein has sequence as set forth
in SEQ ID NO: 1 or 2 or one or more mutations thereof as
identified in Table 1, e.g. SEQ ID NO: 3 or 4. In some
embodiments, the first mRNA comprises a nucleic acid
encoded by a sequence as set forth in SEQ ID NOS: 5-16. In
some embodiments, the one or more miRNAs have a nucleic
acid sequence encoded by a sequence from the group consist-
ing of SEQ ID NOS: 17-19 and 21-23. In some embodiments
of'the isolated nucleic acids, the exogenous mRNA has one or
more silent mutations compared with the endogenous
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mRNA. In some embodiments, the exogenous mRNA has a
nucleic acid sequence encoded by a sequence as set forth in
SEQ ID NO: 20.

In some embodiments, the isolated nucleic acids further
comprise an inverted terminal repeats (ITR) of an AAV sero-
types selected from the group consisting of: AAV1, AAV2,
AAVS, AAV6E, AAV6.2, AAVT, AAVE, AAVY, AAVI10,
AAV11 and variants thereof. In some embodiments, the iso-
lated nucleic acids further comprise a promoter operably
linked with the region(s) encoding the one or more first miR-
NAs, the exogenous mRNA, and/or the one or more second
miRNAs. In certain embodiments, the promoter is a tissue-
specific promoter. In certain embodiments, the promoter is a
[-actin promoter.

According to some aspects of the invention, recombinant
Adeno-Associated Viruses (AAVs) are provided that com-
prise any of the isolated nucleic acids disclosed herein. In
some embodiments, the recombinant AAVs further comprise
one or more capsid proteins of one or more AAV serotypes
selected from the group consisting of: AAV1, AAV2, AAV3,
AAV4, AAVS AAV6, AAVT, AAVE, AAV9, AAV10, AAV11
and variants thereof.

According to some aspects of the invention, compositions
are provided that comprise any of the isolated nucleic acids
disclosed herein. According to some aspects of the invention,
compositions are provided that comprise any of the recombi-
nant AAVs disclosed herein. In some embodiments, the com-
positions further comprise a pharmaceutically acceptable car-
rier.

According to some aspects of the invention, kits are pro-
vided that comprise one or more containers housing a com-
position, isolated nucleic acid or rAAV of the invention. In
some embodiments, the kits further comprise written instruc-
tions for administering an rAAV to a subject.

According to some aspects of the invention, methods are
provided for expressing Alpha 1-Antitrypsin (AAT) protein
in a subject. In some embodiments, the methods comprise
administering to a subject an effective amount of any recom-
binant Adeno-Associated Virus (rAAV) disclosed herein. In
some embodiments, the rAAV is administered with a phar-
maceutically acceptable carrier.

In some embodiments of the methods, the subject has or
suspected of having an Alpha 1-Antitrypsin deficiency. In
certain embodiments, the subject has a mutation in an AAT
gene. In certain embodiments, the mutation encodes a mutant
AAT protein. In some embodiments, the methods further
comprise determining that the subject has the mutation. In
certain embodiments, the mutation is a mutation listed in
Table 1. In certain embodiments, the mutation is a missense
mutation. In certain embodiments, the mutation results in a
glutamate to lysine substitution at amino acid position 366
according to the amino acid sequence set forth as SEQ ID NO:
3. In certain embodiments, the mutant AAT protein fails to
fold properly.

In some embodiments of the methods, the effective amount
of tAAV is 10'°, 10', 102, or 10" genome copies. In some
embodiments, administering is performed intravascularly,
intravenously, intrathecally, intraperatoneally, intramuscu-
larly, subcutaneously or intranasally. In certain embodiments,
administering is performed by injection into the hepatic por-
tal vein.

In some embodiments of the methods, administering is
performed ex vivo by isolating cells or tissue from a subject,
contacting the cell or tissue with an effective amount of an
rAAV, thereby producing transfected cells or tissue, and
administering the transfected cells or tissue to the subject. In
certain embodiments, the tissue is adipose tissue. In certain
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embodiments, the cells are stem cells derived from adipose
tissue. In some embodiments, administering the transfected
cells is performed intravascularly, intravenously, intrathe-
cally, intraperatoneally, intramuscularly, subcutaneously or
intranasally. In certain embodiments, administering the trans-
fected cells is performed by transplantation of transfected
cells into a target tissue. In certain embodiments, the target
tissue is lung or liver

In some embodiments of the methods, the subject is a
mouse, a rat, a rabbit, adog, a cat, a sheep, a pig, a non-human
primate or a human. In certain embodiments, the subject is a
human.

In some embodiments of the methods, after administration
of the rAAV the level of expression of the first protein is
determined in the subject. In some embodiments, after
administration of the rAAV the level of expression of the
second protein is determined in the subject. In some embodi-
ments, administering is performed on two or more occasions.
In certain embodiments, the level of the first protein and/or
the level of the second protein in the subject are determined
after at least one administration.

In some embodiments of the methods, the serum level of
the first protein in the subject is reduced by at least 85%
following administration of the rAAV. In some embodiments,
the serum level of the first protein in the subject is reduced by
at least 90% following administration of the rAAV. In some
embodiments, the serum level of the first protein in the subject
is reduced by at least 95% following administration of the
rAAV. In some embodiments, the serum level of the first
protein in the subject is reduced by at least 85% within 2
weeks following administration of the rAAV. In some
embodiments, the serum level of the first protein in the subject
is reduced by at least 90% within 2 weeks following admin-
istration of the rAAV. In some embodiments, the serum level
of the first protein in the subject is reduced by at least 85%
within 4 weeks of administration of the rAAV. In some
embodiments, after 7 weeks of administration of the rAAV,
the serum level of the first protein is at a level of at least 50%
compared with the serum level of the first protein prior to
administration of the rAAV. In some embodiments, after 7
weeks of administration of the rAAV, the serum level of the
first protein is at a level of at least 75% compared with the
serum level of the first protein prior to administration of the
rAAV.

In some embodiments of the methods, after administration
of'the rAAV at least one clinical outcome parameter associ-
ated with the AAT deficiency is evaluated in the subject. In
some embodiments, the at least one clinical outcome param-
eter evaluated after administration of the rAAV is compared
with the at least one clinical outcome parameter determined
prior to administration of the rAAV to determine effective-
ness of the rAAV, wherein an improvement in the clinical
outcome parameter after administration of the rAAV indi-
cates effectiveness of the rAAV. In some embodiments, the
clinical outcome parameter is selected from the group con-
sisting of: serum levels of the first protein, serum levels of the
second protein, presence of intracellular AAT globules, pres-
ence of inflammatory foci, breathing capacity, cough fre-
quency, phlegm production, frequency of chest colds or pneu-
monia, and tolerance for exercise. In some embodiments, the
intracellular AAT globules or inflammatory foci are evaluated
in lung tissue or liver tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 Comparison of shRNA and miRNA mediated
knockdown of human AAT. HEK-293 cells were contras-
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fected with human Z-AAT plasmid and either a plasmid
expressing 3 anti-AAT shRNAs from a U6 promoter or a
plasmid expressing 3 anti-AAT miRNA from a hybrid
chicken beta actin promoter. (a) Culture media was harvested
at 24, 48 and 72 hours and was analyzed for the AAT concen-
tration by ELISA. (b) At 72 hours cells were harvested and
lysed for AAT concentration by ELISA. *<0.05 as deter-
mined by a two-way unpaired student t-test.

FIG. 2 In vivo silencing of human AAT by rAAV9
expressed miRNAs. Transgenic mice expressing the human
PiZ allele were injected with 5x10'! vector particles or
rAAV9 expressing miRNAs against AAT under the control of
the hybrid chicken beta-actin promoter via the tail vein.
Serums from each cohort were collected on a weekly basis
and were used to assess Z-AAT concentration by ELISA.
Data is expressed as group means+SEM (n=6).

FIG. 3 Liver histology for PiZ transgenic mice 5 weeks
post-rAAV9 delivery. Livers from mice receiving rAAV9 vec-
tors with miRNAs and GFP controls were formalin-fixed and
stained for AAT, or with a PAS-D assay. Mouse liver sections
stained using an anti-human AAT antibody from a mouse
treated with (a) intronic-3XmiR or (b) GFP controls. Mouse
Liver sections stained with diastase-resistant Periodic Acid
Schiff assay from (e&f) intronic-3XmiR or (c&d) GFP con-
trols. (g) Quantitative pixel image analysis of whole liver
sections was performed by comparing pixel counts of PASD-
positive globules in GFP controls (N=7) to pixel counts of
PASD-positive globules in intronic-3XmiR (N=7).

FIG. 4 In vivo optimization of anti-AAT miRNA delivery
within rAAV9 vectors. Transgenic mice expressing the
human PiZ allele were injected with 5x10'! vector particles
orrAAV9 expressing miRNAs against AAT under the control
of the hybrid chicken beta-actin promoter via the tail vein.
Serums from each cohort were collected on a weekly basis
and were used to assess Z-AAT concentration by ELISA.

FIG. 5 Quantitative RT-PCR for artificial miRNA in vivo.
Total RNA from mouse livers was used to assay for the
presence of the 3 artificial anti-AAT miRNAs from mice
receiving rAAV9-miRNA vectors. *<0.05 as determined by a
two-way unpaired student t-test.

FIG. 6 Long-term In vivo silencing of human AAT by
rAAV9 expressed miRNAs. Transgenic mice expressing the
human PiZ allele were injected with 1x1012 vector particles
orrAAV9 expressing miRNAs against AAT under the control
of'the hybrid chicken beta-actin promoter via the tail vein. (a)
Serums from each cohort were collected on a weekly basis
and were used to assess Z-AAT concentration by ELISA. (b)
ATT from liver lysates of mice was analyzed by immunoblot
after monomer and polymer separation. The 52 kDa Z-AAT
was from livers processed and separated into a monomer and
polymer pool. Densitometric analysis was performed for the
(c) monomer and (d) polymer pools using Image J software.
Baseline serums and those collected two weeks-post rAAV9
delivery were used to analyze liver function as determined by
(e) ALT and (f) AST concentration. Data is expressed as
group means+SEM. *<0.05 as determined by a two-way
unpaired student —t-test comparing rAAV9 cohorts vs. base-
line.

FIG. 7 In vitro assessment of dual-function pro-viral plas-
mid. HEK-293 cells were contrasfected with human Z-AAT
plasmid and either the Double-6XmiR-CB-AAT plasmid, a
GFP or PBS control. Cells were processed for RNA at 72
hours and were analyzed for (a) PiZ-mRNA or (b) PiM
mRNA with qRT-PCR. Data is expressed as group means+
SEM (n=6). *<0.05 as determined by a two-way unpaired
student t-test.
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FIG. 8 In vivo knockdown of Z-AAT with simultaneous
augmentation of M-AAT after rAAV9 dual function vector
delivery. Transgenic mice expressing the human PiZ allele
were injected with 1x10"2 vector particles or rAAV9 express-
ing miRNAs against AAT and a de-targeted cMyc tagged
wildtype M-AAT cDNA under the control of the hybrid
chicken beta-actin promoter via the tail vein. (a) Serum from
each cohort was collected on a weekly basis and was used to
assess Z-AAT concentration by Z-AAT specific ELISA and
M-AAT levels by cMyc ELISA. Total RNA from mouse livers
was used to assay for the presence of the either (b) Z-AAT
mRNA or (¢c) M-AAT mRNA by qRT-PCR. Data is expressed
as group means+SEM (n=6). *<0.05 as determined by a two-
way unpaired student t-test.

FIG. 9 Artificial miRNA have minimal impact on endog-
enous miRNA liver profiles. Liver RNA was harvested 3
months post delivery from animals injected with the follow-
ing vectors: intronic-3XmiR-GFP, PolyA-3XmiR-GFP,
Double-6XmiR-GFP, CB-GFP along with RNA form
untreated PiZ mice and wildtype C57B16 mice was used to
run a miRNA microarray. Each group consisted of 5 mouse
RNA samples and was run independently with a single color
(Cy5) microarray.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS OF THE INVENTION

Aspects of the invention relate to improved gene therapy
compositions and related methods for treating Alpha-1 Antit-
rypsin (AAT, also sometimes called SERPINA1) deficiencies
using the recombinant adeno-associated viral (rAAV) vec-
tors. In some embodiments, a non-toxic dual function vector
is provided that is capable of knocking-down mutant AAT
while expressing wild-type AAT. The rAAV-based vectors
and related methods provide for long-term expression of
therapeutic miRNAs and expression of wild-type protein.
According to other aspects, rAAV-based compositions and
methods are provided that simultaneously direct silencing
agents to the liver to decrease Z-AAT expression and direct
gene expression to other sites (e.g., lung tissue). In some
embodiments, compositions and methods are provided that
are useful for treating the AAT deficiency by knocking down
PiZ protein (a mutant AAT protein) while at the same time
increasing levels of the M-AAT protein (the wild-type AAT
protein). It will be appreciated that the rA AV-based therapeu-
tic approaches disclosed herein can be applied to other gain-
of-function or dominant-negative genetic disorders such as
Huntington’s disease, which previously have not been ami-
able to a single vector gene therapy approach.

Certain rAAV vectors provided herein incorporate miRNA
sequences targeting the AAT gene while driving the expres-
sion of hardened wild-type AAT gene (a wild-type AAT gene
that is not targeted by the miRNA), thus achieving concomi-
tant mutant AAT knockdown e.g., in the liver, with increased
expression of wildtype AAT. In one embodiment, transgenic
mice expressing the human PiZ allele were injected with
control or dual function rAAV9 vectors expressing both miR-
NAs and a hardened AAT gene with a cMyc tag. In this
embodiment, serum PiZ levels were consistently knocked
down by an average of 80% from baseline levels with the
knockdown being stable and persistent over a 13 week period.
In one embodiment, cohorts receiving dual function vectors
exhibited knockdown of PiZ AAT while secreting increased
serum levels of wild-type AAT as determined by a PiZ and
PiM specific ELISAs. In this embodiment, liver histology
revealed significantly decreased globular accumulation of
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misfolded PiZ AAT in hepatocytes along with a reduction in
inflammatory infiltrates when compared to controls.

In one embodiment, global miRNA expression profiles of
the liver were minimally affected by artificial miRNAs deliv-
ered via rAAV, with only a few miRNAs showing statistically
significant differences. In one embodiment, a difference was
seen in miR-1 which was reduced in PiZ transgenic mice
receiving rAAV vectors to normal levels seen in wild-type B6
mice. In one embodiment, the levels of miR-122 were unaf-
fected in all mice receiving rAAVs expressing miRNA target-
ing the AAT gene. Accordingly, in some embodiments, dual
function rAAV vectors are effective at knocking down PIZ
AAT while simultaneously augmenting wild-type AAT with-
out disturbing endogenous miRNA liver profiles.

Alpha-1 Antitrypsin Deficiency

Alpha-1 antitrypsin (AAT), also known in the art as serpin
peptidase inhibitor, clade A (SERPINA1), is a protein that
functions as proteinase (protease) inhibitor. AAT is mainly
produced in the liver, but functions in the lungs and liver,
primarily. As used herein the term, “alpha-1 antitrypsin defi-
ciency” refers to a condition resulting from a deficiency of
functional AAT in a subject. In some embodiments, a subject
having an AAT deficiency produces insufficient amounts of
alpha-1 antitrypsin. In some embodiments, a subject having
an AAT deficiency produces a mutant AAT. In some embodi-
ments, insufficient amounts of AAT or expression of mutant
AAT results in damage to a subject’s lung and/or liver. In
some embodiments, the AAT deficiency leads to emphysema
and/or liver disease. Typically, AAT deficiencies result from
one or more genetic defects in the AAT gene. The one or more
defects may be present in one or more copies (e.g., alleles) of
the AAT gene in a subject. Typically, AAT deficiencies are
most common among Europeans and North Americans of
European descent. However, AAT deficiencies may be found
in subjects of other descents as well.

Subjects (e.g., adult subjects) with severe AAT deficiencies
are likely to develop emphysema. Onset of emphysema often
occurs before age 40 in human subjects having AAT deficien-
cies. Smoking can increase the risk of emphysema in subjects
having AAT deficiencies. Symptoms of AAT deficiencies
include shortness of breath, with and without exertion, and
other symptoms commonly associated with chronic obstruc-
tive pulmonary disease (COPD). Other symptoms of AAT
deficiencies include symptoms of severe liver disease (e.g.,
cirrhosis), unintentional weight loss, and wheezing. A physi-
cal examination may reveal a barrel-shaped chest, wheezing,
or decreased breath sounds in a subject who has an AAT
deficiency.

The following exemplary tests may assist with diagnosing
a subject as having an AAT deficiency: an alpha-1 antitrypsin
blood test, examination of arterial blood gases, a chest x-ray,
a CT scan of the chest, genetic testing, and lung function test.
In some cases, a subject having or suspected of having an
AAT deficiency is subjected to genetic testing to detect the
presence of one or more mutations in the AAT gene. In some
embodiments, one or more of the mutations listed in Table 1
are detected in the subject.

Insome cases, a physician may suspect thata subject has an
AAT deficiency if the subject has emphysema at an early age
(e.g., before the age of 45), emphysema without ever having
smoked or without ever having been exposed to toxins,
emphysema with a family history of an AAT deficiency, liver
disease or hepatitis when no other cause can be found, liver
disease or hepatitis and a family history of an AAT deficiency.

In some embodiments, alpha-1 antitrypsin deficiency can
result in two distinct pathologic states: a lung disease which is
primarily due to the loss of anti-protease function, and a liver
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disease due to a toxic gain of function of the mutant AAT
protein (e.g., mutant PiZ-AAT). For example, since mutant
AAT-PiZ exhibits a gain-of-function hepatocellular toxicity
accumulating in the endoplasmic reticulum, therapies aimed
at decreasing AAT-PiZ mRNA levels may ameliorate or even
reverse the liver pathology. In addition, increased secretion of
functional AAT protein protects the lungs from neutrophil
elastase and associated proteolytic enzymes. Applicants have
developed several rAAV vectors that provide for delivery of
microRNAs targeted against mutant AAT, within the same
proviral cassette as a gene encoding wild-type AAT. In some
embodiments, the microRNAs are delivered using rAAV vec-
tors that have previously been used in clinical trials.
Isolated Nucleic Acids

In general, the invention provides isolated nucleic acids,
which may be rAAV vectors, useful for treating genetic dis-
ease. The isolated nucleic acids typically comprise one or
more regions that encode one or more inhibitory RNAs that
target an endogenous mRNA of a subject. The isolated
nucleic acids also typically comprise one or more regions that
encode one or more exogenous mRNAs. The protein(s)
encoded by the one or more exogenous mRNAs may or may
not be different in sequence composition than the protein(s)
encoded by the one or more endogenous mRNAs. For
example, the one or more endogenous mRNAs may encode a
wild-type and mutant version of a particular protein, such as
may be the case when a subject is heterozygous for a particu-
lar mutation, and the exogenous mRNA may encode a wild-
type mRNA of the same particular protein. In this case, typi-
cally the sequence of the exogenous mRNA and endogenous
mRNA encoding the wild-type protein are sufficiently differ-
ent such that the exogenous mRNA is not targeted by the one
or more inhibitory RNAs. This may be accomplished, for
example, by introducing one or more silent mutations into the
exogenous mRNA such that it encodes the same protein as the
endogenous mRNA but has a different nucleic acid sequence.
In this case, the exogenous mRNA may be referred to as
“hardened.” Alternatively, the inhibitory RNA (e.g. miRNA)
can target the 5' and/or 3' untranslated regions of the endog-
enous mRNA. These 5' and/or 3' regions can then be removed
or replaced in the exogenous mRNA such that the exogenous
mRNA is not targeted by the one or more inhibitory RNAs.

In another example, the one or more endogenous mRNAs
may encode only mutant versions of a particular protein, such
as may be the case when a subject is homozygous for a
particular mutation, and the exogenous mRNA may encode a
wild-type mRNA of the same particular protein. In this case,
the sequence of the exogenous mRNA may be hardened as
described above, or the one or more inhibitory RNAs may be
designed to discriminate the mutated endogenous mRNA
from the exogenous mRNA.

In some cases, the isolated nucleic acids typically comprise
a first region that encodes one or more first inhibitory RNAs
(e.g., miRNAs) comprising a nucleic acid having sufficient
sequence complementary with an endogenous mRNA of a
subject to hybridize with and inhibit expression of the endog-
enous mRNA, in which the endogenous mRNA encodes a
first protein. The isolated nucleic acids also typically include
a second region encoding an exogenous mRNA that encodes
a second protein, in which the second protein has an amino
acid sequence that is at least 85% identical to the first protein,
in which the one or more first inhibitory RNAs do not com-
prise a nucleic acid having sufficient sequence complemen-
tary to hybridize with and inhibit expression of the exogenous
mRNA. For example, the first region may be positioned at any
suitable location. The first region may be positioned within an
untranslated portion of the second region. The first region
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may be positioned in any untranslated portion of the nucleic
acid, including, for example, an intron, a 5' or 3' untranslated
region, etc.

In some cases, it may be desirable to position the first
region upstream of the first codon of the exogenous mRNA.
For example, the first region may be positioned between the
first codon of the exogenous mRNA and 2000 nucleotides
upstream of the first codon. The first region may be positioned
between the first codon of the exogenous mRNA and 1000
nucleotides upstream of the first codon. The first region may
be positioned between the first codon of the exogenous
mRNA and 500 nucleotides upstream of the first codon. The
first region may be positioned between the first codon of the
exogenous mRNA and 250 nucleotides upstream of the first
codon. The first region may be positioned between the first
codon ofthe exogenous mRNA and 150 nucleotides upstream
of the first codon.

In some cases, the first region may be positioned down-
stream of a portion of the second region encoding the poly-A
tail ofthe exogenous mRNA. The first region may be between
the last codon of the exogenous mRNA and a position 2000
nucleotides downstream of the last codon. The first region
may be between the last codon of the exogenous mRNA and
a position 1000 nucleotides downstream of the last codon.
The first region may be between the last codon of the exog-
enous mRNA and a position 500 nucleotides downstream of
the last codon. The first region may be between the last codon
of the exogenous mRNA and a position 250 nucleotides
downstream of the last codon. The first region may be
between the last codon of the exogenous mRNA and a posi-
tion 150 nucleotides downstream of the last codon.

The nucleic acid may also comprise a third region encoding
a one or more second inhibitory RNAs (e.g., miRNAs) com-
prising a nucleic acid having sufficient sequence complemen-
tary to hybridize with and inhibit expression of the endog-
enous mRNA. As with the first region, the third region may be
positioned at any suitable location. For example, the third
region may be positioned in an untranslated portion of the
second region, including, for example, an intron, a 5' or 3'
untranslated region, etc. The third region may be positioned
upstream of a portion of the second region encoding the first
codon of the exogenous mRNA. The third region may be
positioned downstream of a portion of the second region
encoding the poly-A tail of the exogenous mRNA. In some
cases, when the first region is positioned upstream of the first
codon, the third region is positioned downstream of the por-
tion of the second region encoding the poly-A tail of the
exogenous mRNA, and vice versa.

In some cases, the first region and third regions encode the
same set of one or more inhibitory RNAs (e.g., miRNAs). In
other cases, the first region and third regions encode a differ-
ent set of one or more inhibitory RNAs (e.g., miRNAs). In
some cases, the one or more inhibitory RNAs (e.g., miRNAs)
encoded by the first region target one or more of the same
genes as the one or more inhibitory RNAs (e.g., miRNAs)
encoded by the third region. In some cases, the one or more
inhibitory RNAs (e.g., miRNAs) encoded by the first region
do not target any of the same genes as the one or more
inhibitory RNAs (e.g., miRNAs) encoded by the third region.
It is to be appreciated that inhibitory RNAs (e.g., miRNAs)
which target a gene have sufficient complementarity with the
gene to bind to and inhibit expression (e.g., by degradation or
inhibition of translation) of the corresponding mRNA.

The first and third regions may also encode a different
number of inhibitory RNAs (e.g., miRNAs). For example, the
first region and third regions may independently encode 1, 2,
3,4, 5, 6 or more inhibitory RNAs (e.g., miRNAs). The first
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and third regions are not limited to comprising any one par-
ticular inhibitory RNA, and may include, for example, a
miRNA, an shRNA, a TuD RNA, a microRNA sponge, an
antisense RNA, a ribozyme, an aptamer, or other appropriate
inhibitory RNA. In some cases, the first region and/or third
region comprises one or more miRNAs. The one or more
miRNAs may comprise a nucleic acid sequence encoded by a
sequence selected from the group consisting of SEQ ID NOS:
17-19 and 21-23.

As disclosed herein, the second protein may have an amino
acid sequence that is at least 85% identical to the first protein.
Accordingly, the second protein may have an amino acid
sequence that is at least 88%, at least 90%, at least 95%, at
least 98%, at least 99% or more identical to the first protein.
In some case, the second protein differs from the first protein
by 1,2,3,4,5,6,7,8,9, 10 or more amino acids. In some
cases, one or more of the differences between the first protein
and second protein are conservative amino acid substitutions.
As used herein, a “conservative amino acid substitution”
refers to an amino acid substitution that does not alter the
relative charge or size characteristics of the protein in which
the amino acid substitution is made. Variants can be prepared
according to methods for altering polypeptide sequence
known to one of ordinary skill in the art such as are found in
references that compile such methods. Conservative substi-
tutions of amino acids include substitutions made among
amino acids within the following groups: (a) M, I, L, V; (b) F,
YW, ©OKRH (A, G;(©S,T; () Q N; and (g) B, D.
Accordingly, conservative amino acid substitutions may pro-
vide functionally equivalent variants, or homologs of an
endogenous protein.

It should be appreciated that in some cases the second
protein may be a marker protein (e.g., a fluorescent protein, a
fusion protein, a tagged protein, etc.). Such constructs may be
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useful, for example, for studying the distribution of the
encoded proteins within a cell or within a subject and are also
useful for evaluating the efficiency of rAAV targeting and
distribution in a subject.

In some embodiments of the isolated nucleic acids, the first
protein is alpha-1 antitrypsin (AAT) protein. An exemplary
sequence of a wild-type AAT is provided at SEQ ID NO: 1 or
2. Accordingly, in some cases, the endogenous mRNA may
comprise the RNA sequence specified by the sequence set
forth in SEQ ID NO: 5. The endogenous mRNA may com-
prise the RNA sequence as specified by any one of the
sequences set forth in SEQ ID NOS: 6-16. In some cases, the
AAT protein is a human AAT protein. The AAT protein may
have a sequence as set forth in SEQ ID NO: 1 or 2 or one or
more mutations thereof as identified in Table 1, e.g. SEQ ID
NO: 3 or 4. The exogenous mRNA may have one or more
silent mutations compared with the endogenous mRNA. The
exogenous mRNA may comprise the RNA sequence speci-
fied by the sequence set forth in SEQ ID NO: 20. The exog-
enous mRNA sequence may or may not encode a peptide tag
(e.g., amyc tag, a his-tag, etc.) linked to the encoded protein.
Often, in a construct used for clinical purposes, the exogenous
mRNA sequence does not encode a peptide tag linked to the
encoded protein.

As described further below, the isolated nucleic acids may
comprise inverted terminal repeats (ITR) of an AAV sero-
types selected from the group consisting of: AAV1, AAV2,
AAV5, AAV6, AAV6.2, AAVT, AAVE, AAVY, AAV10,
AAV11 and variants thereof. The isolated nucleic acids may
also include a promoter operably linked with the one or more
first inhibitory RNAs, the exogenous mRNA, and/or the one
or more second inhibitory RNAs. The promoter may be tis-
sue-specific promoter, a constitutive promoter or inducible
promoter.

TABLE 1

Mutations in Human AAT - Entrez Gene ID: 5265

Chr. mRNA dbSNPrs# dbSNP Protein Codon Amino acid
position  position cluster id Function allele residue position position
94844794 1822 1rs78787657 missense A Lys[K] 1 417
contig reference C Gh[Q] 1 417
94844797 1819 rs3191200 missense C Pro [P] 1 416
contig reference A Thr[T] 1 416
94844842 1774 1rs17850837 missense A Lys[K] 1 401
contig reference C Gh[Q] 1 401
94844843 1773 rs1303 missense C Asp[D] 3 400
contig reference A Glu[E] 3 400
94844855 1761 1s13170 synonymous T Phe [F] 3 396
contig reference C  Phe[F] 3 396
94844866 1750 1rs61761869 missense T  Ser[S] 1 393
contig reference C  Pro[P] 1 393
94844887 1729 1s12233 missense T Ser [S] 1 386
contig reference C  Pro[P] 1 386
94844912 1704 1rs28929473  missense T  Phe[F] 3 377
contig reference A LeulL] 3 377
94844926 1690 1s12077 missense T Trp [W] 1 373
contig reference G Gly [G] 1 373
94844942 1674 rs1050520 synonymous G Lys [K] 3 367
contig reference A Lys [K] 3 367
94844947 1669 1528929474  missense A Lys[K] 1 366
contig reference G Glu[E] 1 366
94844954 1662 rs1050469 synonymous G Thr[T] 3 363
contig reference C  Thr[T] 3 363
94844957 1659 rs1802961 synonymous T Leu [L] 3 362
contig reference G Leu[L] 3 362
94844959 1657 1rs1131154  missense A Met [M] 1 362
contig reference C  Leu[L] 1 362
94844960 1656 rs13868 synonymous A Val[V] 3 361
contig reference G Val[V] 3 361
94844961 1655 1rs1131139  missense C  Ala[A] 2 361
contig reference T Val[V] 2 361
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TABLE 1-continued
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Mutations in Human AAT - Entrez Gene ID: 5265

Chr. mRNA dbSNPrs# dbSNP Protein Codon Amino acid
position  position cluster id Function allele residue position position
94844962 1654 rs72555357  frame shift 1 361
contig reference G Val[V] 1 361
94844965 1651 rs1802959  missense A Thr[T] 1 360
contig reference G Ala[A] 1 360
94844972 1644 1s10427 synonymous C Val[V] 3 357
contig reference G Val[V] 3 357
94844975 1641 1rs9630 synonymous T Ala[A] 3 356
contig reference C  Ala[A] 3 356
94844977 1639 1rs67216923  frame shift 1 356
frame shift (15bp) 1 356
contig reference G Ala[A] 1 356
94845814 1625 1872555374  frame shift 2 351
contig reference T Leu[L] 2 351
94845845 1594 rs28929471 missense A Asn[N] 1 341
contig reference G Asp[D] 1 341
94845893 1546 1rs1802962  missense T Cys[C] 1 325
contig reference A Ser[S] 1 325
94845902 1537 1s55704149 missense T Tyr[Y] 1 322
contig reference G Asp[D] 1 322
94845914 1525 1rs117001071 missense T  Ser[S] 1 318
contig reference A Thr[T] 1 318
94845917 1521 1835624994  frame shift Ser [S] 3 316
frame shift C  Ser[S] 3 316
contig reference CA  Ser[S] 3 316
94847218 1480 rs1802963 nonsense T xxx[X] 1 303
contig reference G Glu[E] 1 303
94847262 1436 rs17580 missense T Val[V] 2 288
contig reference A Glu[E] 2 288
94847285 1413 rs1049800 synonymous C  Asp[D] 3 280
contig reference T  Asp[D] 3 280
94847306 1392 rs2230075 synonymous T Thr [T] 3 273
contig reference C  Thr[T] 3 273
94847351 1347 1rs34112109  synonymous A Lys[K] 3 258
contig reference G Lys[K] 3 258
94847357 1341 rs8350 missense G Tmp [W] 3 256
contig reference T Cys[C] 3 256
94847386 1312 1rs28929470 missense T Cys[C] 1 247
contig reference C  Arg[R] 1 247
94847407 1291 1s72552401 missense A Met[M] 1 240
contig reference G Val[V] 1 240
94847415 1283 156647 missense C  Ala[A] 2 237
contig reference T Val[V] 2 237
94847452 1246 1rs11558264 missense C Ghh[Q] 1 225
contig reference A Lys[K] 1 225
94847466 1232 1rs11558257 missense T Ile[]] 2 220
contig reference G Arg[R] 2 220
94847475 1223 rs11558265 missense C  Thr[T] 2 217
contig reference A Lys[K] 2 217
94849029 1119 1rs113813309 synonymous T  Asn[N] 3 182
contig reference C  Asn[N] 3 182
94849053 1095 rs72552402  synonymous T Thr [T] 3 174
contig reference C  Thr[T] 3 174
94849061 1087 1rs112030253 missense A Arg[R] 1 172
contig reference G Gly[G] 1 172
94849109 1039 rs78640395 nonsense T xxx[X] 1 156
contig reference G Glu[E] 1 156
94849140 1008 1rs11558263 missense A Arg[R] 3 145
contig reference C  Ser[S] 3 145
94849151 997 1520546 synonymous T Leu [L] 1 142
contig reference C  Leul[L] 1 142
94849160 988 rs11558261 missense A Ser[S] 1 139
contig reference G Gly[G] 1 139
94849201 947  rs709932 missense A His [H] 2 125
contig reference G Arg[R] 2 125
94849228 920 rs28931572 missense A Asn[N] 2 116
contig reference T Ile[]] 2 116
94849303 845 rs28931568 missense A Glu[E] 2 91
contig reference G Gly[G] 2 91
94849325 823 rs111850950 missense A Thr[T] 1 84
contig reference G Ala[A] 1 84
94849331 817 1rs113817720 missense A Thr[T] 1 82
contig reference G Ala[A] 1 82
94849345 803 rs55819880 missense T  Phe[F] 2 71
contig reference C  Ser[S] 2 77

14



US 9,226,976 B2

15
TABLE 1-continued
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Mutations in Human AAT - Entrez Gene ID: 5265

Chr. mRNA dbSNPrs# dbSNP Protein Codon Amino acid
position  position cluster id Function allele residue position position
94849364 784 1s11575873 missense C  Arg[R] 1 71
contig reference A Ser[S] 1 71
94849381 767 1s28931569  missense C Pro [P] 2 65
contig reference T Leu[L] 2 65
94849388 760  1rs28931570  missense T Cys [C] 1 63
contig reference C  Arg[R] 1 63
94849466 682 1s11558262 missense G Ala[A] 1 37
contig reference A Thr[T] 1 37
94849492 656 1s11558259  missense G Arg[R] 2 28
contig reference A Ghn[Q] 2 28
94849548 600 rs11558260 synonymous T Ile [T] 3 9
contig reference C Ile[]] 3 9
start codon 1
Methods of Use 2 the serum level of the first protein in the subject is reduced by

The invention also provides methods for expressing alpha atleast 85% following administration of the rAAV. The serum
1-antitrypsin (AAT) protein in a subject. Typically, the sub- level of the first protein in the subject may be reduced by at
jecthas or suspected of having an AAT deficiency. The meth- least 90% following administration of the rAAV. The serum
ods typically involve administering to a subject an effective level of the first protein in the subject may be reduced by at
amount of a recombinant Adeno-Associated Virus (rAAV) »s5 least 95% following administration of the rAAV. However, in
harboring any of the isolated nucleic acids disclosed herein. some cases, the serum level of the first protein in the subject
In general, the “effective amount” of a rAAV refers to an is reduced by at least 40%, at least 50%, at least 60%, at least
amount sufficient to elicit the desired biological response. In 70%, or at least 80% following administration of the rAAV.
some embodiments, the effective amount refers to the amount The level (e.g., serum level) of the first protein in the
of rAAV effective for transducing a cell or tissue ex vivo. In 30 subject may be reduced by at least 85% within 2 weeks
other embodiments, the effective amount refers to the amount following administration of the rAAV. The serum level of the
effective for direct administration of rAAV to a subject. As first protein in the subject may be reduced by at least 90%
will be appreciated by those of ordinary skill in this art, the within 2 weeks following administration of the rAAV. The
effective amount of the recombinant AAV of the invention serum level of the first protein in the subject may be reduced
varies depending on such factors as the desired biological 35 by atleast85% within 4 weeks of administration of the rAAV.
endpoint, the pharmacokinetics of the expression products, The reduction may be observed within 1 day, within 2 days,
the condition being treated, the mode of administration, and within 3 days, within 4 days, within 5 days, within 6 days,
the subject. Typically, the rAAV is administered with a phar- within 1 week, within 2 weeks, within 3 weeks, within 4
maceutically acceptable carrier. weeks or more.

The subject may have a mutation in an AAT gene. The 40  The reduction in the level of the first protein may be sus-
mutation may result in decreased expression of wild-type tained for at least 1 week, at least 2 weeks, at least 3 weeks, at
(normal) AAT protein. The subject may be homozygous for least 4 weeks, at least 5 weeks, at least 6 weeks, at least 7
the mutation. The subject may be heterozygous for the muta- weeks, at least 8 weeks, at least 9 weeks, at least 10 weeks, at
tion. The mutation may be a missense mutation. The mutation least 11 weeks, or more. In some cases, after 7 weeks of
may be a nonsense mutation. The mutation may bea mutation 45 administration of the rA AV, the serum level of the first protein
listed in Table 1. The mutation may result in expression of a is at a level of at least 50% compared with the serum level of
mutant AAT protein. The mutant protein may be a gain-of- the first protein prior to administration of the rAAV. In certain
function mutant or a loss-of-function mutant. The mutant cases, after 7 weeks of administration of the rA AV, the serum
AAT protein may be incapable of inhibiting protease activity. level of the first protein is at a level of at least 75% compared
The mutant AAT protein may fail to fold properly. The mutant 50 with the serum level of the first protein prior to administration
AAT protein may result in the formation of protein aggre- of'the rAAV.
gates. The mutant AAT protein may result in the formation of In some instances, after administration of the rAAV at least
intracellular AAT globules. The mutation may result in a one clinical outcome parameter associated with the AAT defi-
glutamate to lysine substitution at amino acid position 366 in ciency is evaluated in the subject. Typically, the clinical out-
the precursor protein according to the amino acid sequence 55 come parameter evaluated after administration oftherAAV is
set forth as SEQ ID NO: 3. In the mature protein, this same compared with the clinical outcome parameter determined at
mutation occurs at amino acid position 342 (SEQ ID NO: 4). atime prior to administration of the rAAV to determine effec-
The methods may also involve determining whether the sub- tiveness of the rAAV. Often an improvement in the clinical
ject has a mutation. Accordingly the methods may involve outcome parameter after administration of the rAAV indi-
obtaining a genotype of the AAT gene in the subject. 60 cates effectiveness of the rAAV. Any appropriate clinical out-

In some cases, after administration of the rAAV the level of come parameter may be used. Typically, the clinical outcome
expression of the first protein and/or second protein is deter- parameter is indicative of the one or more symptoms of an
mined in the subject. The administration may be performed AAT deficiency. For example, the clinical outcome parameter
on one or more occasions. When the administration is per- may be selected from the group consisting of: serum levels of
formed on one or more occasions, the level of the first protein 65 the first protein, serum levels of the second protein, presence

and/or the level of the second protein in the subject are often
determined after at least one administration. In some cases,

ofintracellular AAT globules, presence of inflammatory foci,
breathing capacity, cough frequency, phlegm production, fre-
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quency of chest colds or pneumonia, and tolerance for exer-
cise. Intracellular AAT globules or inflammatory foci are
evaluated in tissues affected by the AAT deficiency, includ-
ing, for example, lung tissue or liver tissue.

Recombinant AAVs

In some aspects, the invention provides isolated AAVs. As
used herein with respect to AAV's, the term “isolated” refers to
an AAV that has been isolated from its natural environment
(e.g., from a host cell, tissue, or subject) or artificially pro-
duced. Isolated AAVs may be produced using recombinant
methods. Such AAVs are referred to herein as “recombinant
AAVs”. Recombinant AAVs (rAAVs) preferably have tissue-
specific targeting capabilities, such that a transgene of the
rAAV will be delivered specifically to one or more predeter-
mined tissue(s). The AAV capsid is an important element in
determining these tissue-specific targeting capabilities. Thus,
a rAAV having a capsid appropriate for the tissue being tar-
geted can be selected. In some embodiments, the rAAV com-
prises a capsid protein having an amino acid sequence corre-
sponding to any one of AAV1, AAV2, AAV3, AAV4, AAVS,
AAV6, AAVT, AAVS, AAV9, AAV10, AAV11 and variants
thereof. The recombinant AAV's typically harbor an isolated
nucleic acid of the invention.

Methods for obtaining recombinant AAVs having a desired
capsid protein are well known in the art (See, for example, US
2003/0138772, the contents of which are incorporated herein
by reference in their entirety). AAV capsid proteins that may
be used in the rAAVs of the invention a include, for example,
those disclosed in G. Gao, et al., J. Virol, 78(12):6381-6388
(June 2004); G. Gao, et al, Proc Natl Acad Sci USA, 100(10):
6081-6086 (May 13, 2003); US 2003-0138772, US 2007/
0036760, US 2009/0197338, and WO 2010/138263, the con-
tents of which relating to AAVs capsid proteins and
associated nucleotide and amino acid sequences are incorpo-
rated herein by reference. Typically the methods involve cul-
turing a host cell which contains a nucleic acid sequence
encoding an AAV capsid protein or fragment thereof; a func-
tional rep gene; a recombinant AAV vector composed of AAV
inverted terminal repeats (ITRs) and a transgene; and suffi-
cient helper functions to permit packaging of the recombinant
AAV vector into the AAV capsid proteins.

The components to be cultured in the host cell to package
arAAV vector in an AAV capsid may be provided to the host
cell in trans. Alternatively, any one or more of the required
components (e.g., recombinant AAV vector, rep sequences,
cap sequences, and/or helper functions) may be provided by
a stable host cell which has been engineered to contain one or
more of the required components using methods known to
those of skill in the art. Most suitably, such a stable host cell
will contain the required component(s) under the control of
an inducible promoter. However, the required component(s)
may be under the control of a constitutive promoter.
Examples of suitable inducible and constitutive promoters are
provided herein. In still another alternative, a selected stable
host cell may contain selected component(s) under the con-
trol of a constitutive promoter and other selected component
(s) under the control of one or more inducible promoters. For
example, a stable host cell may be generated which is derived
from 293 cells (which contain E1 helper functions under the
control of a constitutive promoter), but which contain the rep
and/or cap proteins under the control of inducible promoters.
Still other stable host cells may be generated by one of skill in
the art.

The recombinant AAV vector, rep sequences, cap
sequences, and helper functions required for producing the
rAAV ofthe invention may be delivered to the packaging host
cell using any appropriate genetic element (vector). The
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selected genetic element may be delivered by any suitable
method, including those described herein. The methods used
to construct any embodiment of this invention are known to
those with skill in nucleic acid manipulation and include
genetic engineering, recombinant engineering, and synthetic
techniques. See, e.g., Sambrook et al, Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor Press, Cold Spring
Harbor, N.Y. Similarly, methods of generating rAAV virions
are well known and the selection of a suitable method is not a
limitation on the present invention. See, e.g., K. Fisher et al,
J. Virol., 70:520-532 (1993) and U.S. Pat. No. 5,478,745.

In some embodiments, recombinant AAVs may be pro-
duced using the triple transfection method (e.g., as described
in detail in U.S. Pat. No. 6,001,650, the contents of which
relating to the triple transfection method are incorporated
herein by reference). Typically, the recombinant AAVs are
produced by transfecting a host cell with a recombinant AAV
vector (comprising a transgene) to be packaged into AAV
particles, an AAV helper function vector, and an accessory
function vector. An AAV helper function vector encodes the
“AAV helper function” sequences (i.e., rep and cap), which
function in trans for productive AAV replication and encapsi-
dation. Preferably, the AAV helper function vector supports
efficient AAV vector production without generating any
detectable wild-type AAV virions (i.e., AAV virions contain-
ing functional rep and cap genes). Non-limiting examples of
vectors suitable for use with the present invention include
pHLP19, described in U.S. Pat. No. 6,001,650 and
pRep6cap6 vector, described in U.S. Pat. No. 6,156,303, the
entirety of both incorporated by reference herein. The acces-
sory function vector encodes nucleotide sequences for non-
AAV derived viral and/or cellular functions upon which AAV
is dependent for replication (i.e., “accessory functions™). The
accessory functions include those functions required for AAV
replication, including, without limitation, those moieties
involved in activation of AAV gene transcription, stage spe-
cific AAV mRNA splicing, AAV DNA replication, synthesis
of cap expression products, and AAV capsid assembly. Viral-
based accessory functions can be derived from any of the
known helper viruses such as adenovirus, herpesvirus (other
than herpes simplex virus type-1), and vaccinia virus.

In some aspects, the invention provides transfected host
cells. The term “transfection” is used to refer to the uptake of
foreign DNA by a cell, and a cell has been “transfected” when
exogenous DNA has been introduced inside the cell mem-
brane. A number of transfection techniques are generally
known in the art. See, e.g., Graham et al. (1973) Virology,
52:456, Sambrook et al. (1989) Molecular Cloning, a labora-
tory manual, Cold Spring Harbor Laboratories, New York,
Davis et al. (1986) Basic Methods in Molecular Biology,
Elsevier, and Chu etal. (1981) Gene 13:197. Such techniques
can be used to introduce one or more exogenous nucleic
acids, such as a nucleotide integration vector and other
nucleic acid molecules, into suitable host cells.

A “host cell” refers to any cell that harbors, or is capable of
harboring, a substance of interest. Often a host cell is a mam-
malian cell. A host cell may be used as a recipient of an AAV
helper construct, an AAV minigene plasmid, an accessory
function vector, or other transfer DNA associated with the
production of recombinant AAVs. The term includes the
progeny of the original cell which has been transfected. Thus,
a “host cell” as used herein may refer to a cell which has been
transfected with an exogenous DNA sequence. It is under-
stood that the progeny of a single parental cell may not nec-
essarily be completely identical in morphology or in genomic
or total DNA complement as the original parent, due to natu-
ral, accidental, or deliberate mutation.
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In some aspects, the invention provides isolated cells. As
used herein with respect to cell, the term “isolated” refers to
acell that has been isolated from its natural environment (e.g.,
from a tissue or subject). As used herein, the term “cell line”
refers to a population of cells capable of continuous or pro-
longed growth and division in vitro. Often, cell lines are
clonal populations derived from a single progenitor cell. It is
further known in the art that spontaneous or induced changes
can occur in karyotype during storage or transfer of such
clonal populations. Therefore, cells derived from the cell line
referred to may not be precisely identical to the ancestral cells
or cultures, and the cell line referred to includes such variants.
As used herein, the terms “recombinant cell” refers to a cell
into which an exogenous DNA segment, such as DNA seg-
ment that leads to the transcription of a biologically-active
polypeptide or production of a biologically active nucleic
acid such as an RNA, has been introduced.

As used herein, the term “vector” includes any genetic
element, such as a plasmid, phage, transposon, cosmid, chro-
mosome, artificial chromosome, virus, virion, etc., which is
capable of replication when associated with the proper con-
trol elements and which can transfer gene sequences between
cells. Thus, the term includes cloning and expression
vehicles, as well as viral vectors. In some embodiments,
useful vectors are contemplated to be those vectors in which
the nucleic acid segment to be transcribed is positioned under
the transcriptional control of a promoter. A “promoter” refers
to a DNA sequence recognized by the synthetic machinery of
the cell, or introduced synthetic machinery, required to ini-
tiate the specific transcription of a gene. The phrases “opera-
tively positioned,” “under control” or “under transcriptional
control” means that the promoter is in the correct location and
orientation in relation to the nucleic acid to control RNA
polymerase initiation and expression of the gene. The term
“expression vector or construct” means any type of genetic
construct containing a nucleic acid in which part or all of the
nucleic acid encoding sequence is capable of being tran-
scribed. In some embodiments, expression includes tran-
scription of the nucleic acid, for example, to generate a bio-
logically-active polypeptide product or inhibitory RNA (e.g.,
shRNA, miRNA) from a transcribed gene.

The foregoing methods for packaging recombinant vectors
in desired AAV capsids to produce the rAAVs of the invention
are not meant to be limiting and other suitable methods will be
apparent to the skilled artisan.

Recombinant AAV Vectors

The isolated nucleic acids of the invention may be recom-
binant AAV vectors. The recombinant AAV vector may be
packaged into a capsid protein and administered to a subject
and/or delivered to a selected target cell. “Recombinant AAV
(rAAV) vectors” are typically composed of, at a minimum, a
transgene and its regulatory sequences, and 5' and 3' AAV
inverted terminal repeats (ITRs). The transgene may com-
prise, as disclosed elsewhere herein, one or more regions that
encode one or more inhibitory RNAs (e.g., miRNAs) com-
prising a nucleic acid that targets an endogenous mRNA of'a
subject. The transgene may also comprise a region encoding
an exogenous mRNA that encodes a protein (e.g., a protein
that has an amino acid sequence that is at least 85% identical
to the protein encoded by the endogenous mRNA), in which
the one or more inhibitory RNAs do not target the exogenous
mRNA.

The AAV sequences of the vector typically comprise the
cis-acting 5' and 3' inverted terminal repeat sequences (See,
e.g., B. J. Carter, in “Handbook of Parvoviruses”, ed., P.
Tijsser, CRC Press, pp. 155 168 (1990)). The ITR sequences
are about 145 by in length. Preferably, substantially the entire
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sequences encoding the ITRs are used in the molecule,
although some degree of minor modification of these
sequences is permissible. The ability to modify these ITR
sequences is within the skill of the art. (See, e.g., texts such as
Sambrook et al, “Molecular Cloning. A Laboratory Manual”,
2ded., Cold Spring Harbor Laboratory, New York (1989); and
K. Fisher et al., J Virol., 70:520 532 (1996)). An example of
such a molecule employed in the present invention is a “cis-
acting” plasmid containing the transgene, in which the
selected transgene sequence and associated regulatory ele-
ments are flanked by the 5' and 3' AAV ITR sequences. The
AAV ITR sequences may be obtained from any known AAV,
including presently identified mammalian AAV types.

In addition to the major elements identified above for the
recombinant AAV vector, the vector also includes conven-
tional control elements which are operably linked with ele-
ments of the transgene in a manner that permits its transcrip-
tion, translation and/or expression in a cell transfected with
the vector or infected with the virus produced by the inven-
tion. As used herein, “operably linked” sequences include
both expression control sequences that are contiguous with
the gene of interest and expression control sequences that act
in trans or at a distance to control the gene of interest. Expres-
sion control sequences include appropriate transcription ini-
tiation, termination, promoter and enhancer sequences; effi-
cient RNA processing signals such as splicing and
polyadenylation (polyA) signals; sequences that stabilize
cytoplasmic mRNA; sequences that enhance translation effi-
ciency (i.e., Kozak consensus sequence); sequences that
enhance protein stability; and when desired, sequences that
enhance secretion of the encoded product. A number of
expression control sequences, including promoters which are
native, constitutive, inducible and/or tissue-specific, are
known in the art and may be utilized.

As used herein, a nucleic acid sequence (e.g., coding
sequence) and regulatory sequences are said to be operably
linked when they are covalently linked in such a way as to
place the expression or transcription of the nucleic acid
sequence under the influence or control of the regulatory
sequences. If it is desired that the nucleic acid sequences be
translated into a functional protein, two DNA sequences are
said to be operably linked if induction of a promoter in the 5'
regulatory sequences results in the transcription of the coding
sequence and if the nature of the linkage between the two
DNA sequences does not (1) result in the introduction of a
frame-shift mutation, (2) interfere with the ability of the
promoter region to direct the transcription of the coding
sequences, or (3) interfere with the ability of the correspond-
ing RNA transcript to be translated into a protein. Thus, a
promoter region would be operably linked to a nucleic acid
sequence if the promoter region were capable of effecting
transcription of that DNA sequence such that the resulting
transcript might be translated into the desired protein or
polypeptide. Similarly two or more coding regions are oper-
ably linked when they are linked in such a way that their
transcription from a common promoter results in the expres-
sion of two or more proteins having been translated in frame.
In some embodiments, operably linked coding sequences
yield a fusion protein. In some embodiments, operably linked
coding sequences yield a functional RNA (e.g., miRNA).

For nucleic acids encoding proteins, a polyadenylation
sequence generally is inserted following the transgene
sequences and before the 3' AAV ITR sequence. A rAAV
construct useful in the present invention may also contain an
intron, desirably located between the promoter/enhancer
sequence and the transgene. One possible intron sequence is
derived from SV-40, and is referred to as the SV-40 T intron
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sequence. Any intron may be from the §-Actin gene. Another
vector element that may be used is an internal ribosome entry
site (IRES).

The precise nature of the regulatory sequences needed for
gene expression in host cells may vary between species, tis-
sues or cell types, but shall in general include, as necessary, 5'
non-transcribed and 5' non-translated sequences involved
with the initiation of transcription and translation respec-
tively, such as a TATA box, capping sequence, CAAT
sequence, enhancer elements, and the like. Especially, such 5'
non-transcribed regulatory sequences will include a promoter
region that includes a promoter sequence for transcriptional
control of the operably joined gene. Regulatory sequences
may also include enhancer sequences or upstream activator
sequences as desired. The vectors of the invention may
optionally include 5' leader or signal sequences. The choice
and design of an appropriate vector is within the ability and
discretion of one of ordinary skill in the art.

Examples of constitutive promoters include, without limi-
tation, the retroviral Rous sarcoma virus (RSV) LTR pro-
moter (optionally with the RSV enhancer), the cytomegalovi-
rus (CMV) promoter (optionally with the CMV enhancer),
the SV40 promoter, and the dihydrofolate reductase pro-
moter. Inducible promoters allow regulation of gene expres-
sion and can be regulated by exogenously supplied com-
pounds, environmental factors such as temperature, or the
presence of a specific physiological state, e.g., acute phase, a
particular differentiation state of the cell, or in replicating
cells only. Inducible promoters and inducible systems are
available from a variety of commercial sources, including,
without limitation, Invitrogen, Clontech and Ariad. Many
other systems have been described and can be readily selected
by one of skill in the art. Examples of inducible promoters
regulated by exogenously supplied promoters include the
zinc-inducible sheep metallothionine (MT) promoter, the
dexamethasone (Dex)-inducible mouse mammary tumor
virus (MMTYV) promoter, the T7 polymerase promoter sys-
tem, the ecdysone insect promoter, the tetracycline-repress-
ible system, the tetracycline-inducible system, the RU486-
inducible system and the rapamycin-inducible system. Still
other types of inducible promoters which may be useful in
this context are those which are regulated by a specific physi-
ological state, e.g., temperature, acute phase, a particular
differentiation state of the cell, or in replicating cells only. In
another embodiment, the native promoter, or fragment
thereof, for the transgene will be used. In a further embodi-
ment, other native expression control elements, such as
enhancer elements, polyadenylation sites or Kozak consensus
sequences may also be used to mimic the native expression.

In some embodiments, the regulatory sequences impart
tissue-specific gene expression capabilities. In some cases,
the tissue-specific regulatory sequences bind tissue-specific
transcription factors that induce transcription in a tissue spe-
cific manner. Such tissue-specific regulatory sequences (e.g.,
promoters, enhancers, etc.) are well known in the art. In some
embodiments, the promoter is a chicken $-actin promoter.

In some embodiments, one or more bindings sites for one
ormore of miRNAs are incorporated in a transgene ofa rAAV
vector, to inhibit the expression of the transgene in one or
more tissues of a subject harboring the transgenes, e.g., non-
liver tissues, non-lung tissues. The skilled artisan will appre-
ciate that binding sites may be selected to control the expres-
sion of a transgene in a tissue specific manner. The miRNA
target sites in the mRNA may be in the 5' UTR, the 3' UTR or
in the coding region. Typically, the target site is in the 3' UTR
of the mRNA. Furthermore, the transgene may be designed
such that multiple miRNAs regulate the mRNA by recogniz-
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ing the same or multiple sites. The presence of multiple
miRNA binding sites may result in the cooperative action of
multiple RISCs and provide highly efficient inhibition of
expression. The target site sequence may comprise a total of
5-100, 10-60, or more nucleotides. The target site sequence
may comprise at least 5 nucleotides of the sequence of a target
gene binding site.

In some embodiments, the cloning capacity of the recom-
binant RNA vector may be limited and a desired coding
sequence may involve the complete replacement of the
virus’s 4.8 kilobase genome. Large genes may, therefore, not
be suitable for use in a standard recombinant AAV vector, in
some cases. The skilled artisan will appreciate that options
are available in the art for overcoming a limited coding capac-
ity. For example, the AAV ITRs of two genomes can anneal to
form head to tail concatamers, almost doubling the capacity
of'the vector. Insertion of splice sites allows for the removal of
the ITRs from the transcript. Other options for overcoming a
limited cloning capacity will be apparent to the skilled arti-
san.

Recombinant AAV Administration

rAAVs are administered in sufficient amounts to transfect
the cells of a desired tissue and to provide sufficient levels of
gene transfer and expression without undue adverse effects.
Conventional and pharmaceutically acceptable routes of
administration include, but are not limited to, direct delivery
to the selected tissue (e.g., liver tissue, lung tissue) and
administration subcutaneously, intraopancreatically, intrana-
sally, parenterally, intravenously, intramuscularly, intrathe-
cally, intracerebrally, orally, intraperitoneally, by inhalation
or by another route. Routes of administration may be com-
bined, if desired. Delivery of certain rAAVs to a subject may
be, for example, by administration into the bloodstream of the
subject. Administration into the bloodstream may be by injec-
tion into a vein, an artery, or any other vascular conduit.

In certain circumstances it will be desirable to deliver the
rAAV-based therapeutic constructs in suitably formulated
pharmaceutical compositions disclosed herein either subcu-
taneously, intraopancreatically, intranasally, parenterally,
intravenously, intramuscularly, intrathecally, intracerebrally,
orally, intraperitoneally, or by inhalation.

It can be appreciated by one skilled in the art that desirable
administration of rA AV-based therapeutic constructs can also
include ex vivo administration. In some embodiments, ex
vivo administration comprises (1) isolation of cells or tissue
(s) of interest from a subject, (2) contacting the cells or
tissue(s) with rAAVs in sufficient amounts to transfect the
cells or tissue to provide sufficient levels of gene transfer and
expression without undue adverse effect, and (3) transferring
cells or tissue back into the subject. In some embodiments,
cells or tissues may be cultured ex vivo for several days before
and/or after transfection.

Cells or tissues can be isolated from a subject by any
suitable method. For example, cells or tissues may be isolated
by surgery, biopsy (e.g., biopsy of skin tissue, lung tissue,
liver tissue, adipose tissue), or collection of biological fluids
such as blood. In some embodiments, cells are isolated from
bone marrow. In some embodiments, cells are isolated from
adipose tissue. In some embodiments, cells are isolated from
a lipoaspirate. Appropriate methods for isolating cells from
adipose tissue for ex vivo transfection are known in the art.
See, e.g., Kuroda, M., et al,, (2011), Journal of Diabetes
Investigation, 2: 333-340; Kouki Morizono, et al. Human
Gene Therapy. January 2003, 14(1): 59-66; and Patricia A.
Zuk, Viral Transduction of Adipose-Derived Stem Cells,
Methods in Molecular Biology, 1, Volume 702, Adipose-
Derived Stem Cells, Part 4, Pages 345-357.
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In some embodiments, the isolated cells comprise stem
cells, pluripotent stem cells, lipoaspirate derived stem cells,
liver cells (e.g., hepatocytes), hematopeotic stem cells, mes-
enchymal stem cells, stromal cells, hematopeotic cells, blood
cells, fibroblasts, endothelial cells, epithelial cells, or other
suitable cells. In some embodiments, cells to be transfected
are induced pluripotent stem cells prepared from cells iso-
lated from the subject.

In an embodiment, cells or tissue(s) are transduced at a
multiplicity of infection (MOI) of at least 10 infectious units
(iu.) of arAAV per cell (for example, 10, 100, 1,000, 5,000,
10,000, 100,000 or more i.u.) or at a functionally equivalent
viral copy number. In one embodiment, cells or tissue(s) are
transduced at a MOI of 10to 10,000 1.u. Routes for transfer of
transfected cells or tissue(s) into a subject include, but are not
limited to, subcutaneously, intraopancreatically, intranasally,
parenterally, intravenously, intravascularly, intramuscularly,
intrathecally, intracerebrally, intraperitoneally, or by inhala-
tion. In some embodiments, transfected cells are adminis-
tered by hepatic portal vein injection. In some embodiments,
transfected cells are administered intravascularly. Methods
for ex vivo administration of rAAV are well known in the art
(see, e.g., Naldini, L.. Nature Reviews Genetics (2011) 12,
301-315, Li, H. et al. Molecular Therapy (2010) 18, 1553-
1558, and Loiler et al. Gene Therapy (2003) 10, 1551-1558).
Recombinant AAV Compositions

The rAAVs may be delivered to a subject in compositions
according to any appropriate methods known in the art. The
rA AV, preferably suspended in a physiologically compatible
carrier (e.g., in a composition), may be administered to a
subject, e.g., a human, mouse, rat, cat, dog, sheep, rabbit,
horse, cow, goat, pig, guinea pig, hamster, chicken, turkey, or
a non-human primate (e.g., Macaque). The compositions of
the invention may comprise a rAAV alone, or in combination
with one or more other viruses (e.g., a second rAAV encoding
having one or more different transgenes).

Suitable carriers may be readily selected by one of skill in
the art in view of the indication for which the rAAV is
directed. For example, one suitable carrier includes saline,
which may be formulated with a variety of buffering solutions
(e.g., phosphate buffered saline). Other exemplary carriers
include sterile saline, lactose, sucrose, calcium phosphate,
gelatin, dextran, agar, pectin, peanut oil, sesame oil, and
water. Still others will be apparent to the skilled artisan.

Optionally, the compositions of the invention may contain,
in addition to the rAAV and carrier(s), other conventional
pharmaceutical ingredients, such as preservatives, or chemi-
cal stabilizers. Suitable exemplary preservatives include
chlorobutanol, potassium sorbate, sorbic acid, sulfur dioxide,
propyl gallate, the parabens, ethyl vanillin, glycerin, phenol,
and parachlorophenol. Suitable chemical stabilizers include
gelatin and albumin.

The dose of rAAV virions required to achieve a desired
effect or “therapeutic effect,” e.g., the units of dose in vector
genomes/per kilogram of body weight (vg/kg), will vary
based on several factors including, but not limited to: the
route of rAAV administration, the level of gene or RNA
expression required to achieve a therapeutic effect, the spe-
cific disease or disorder being treated, and the stability of the
gene or RNA product. One of skill in the art can readily
determine a rAAV virion dose range to treat a subject having
a particular disease or disorder based on the aforementioned
factors, as well as other factors that are well known in the art.
An effective amount of the rAAV is generally in the range of
from about 10 pl to about 100 ml of solution containing from
about 10° to 10'°® genome copies per subject. Other volumes
of solution may be used. The volume used will typically
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depend, among other things, on the size of the subject, the
dose of the rAAV, and the route of administration. For
example, for intravenous administration a volume in range of
10 pul to 100 pl, 100 pl to 1 ml, 1 ml to 10 ml, or more may be
used. In some cases, a dosage between about 10'° to 102
rAAV genome copies per subject is appropriate. In some
embodiments the rAAV is administered at a dose of 10'°,
10", 10'2, 103, 10", or 10'° genome copies per subject. In
some embodiments the rAAV is administered at a dose of
10%°, 10", 102, 10", or 10™* genome copies per kg.

In some embodiments, rAAV compositions are formulated
to reduce aggregation of AAV particles in the composition,
particularly where high rAAV concentrations are present
(e.g., ~10"* GC/ml or more). Methods for reducing aggrega-
tion of rAAVs are well known in the art and, include, for
example, addition of surfactants, pH adjustment, salt concen-
tration adjustment, etc. (See, e.g., Wright F R, et al., Molecu-
lar Therapy (2005) 12, 171-178, the contents of which are
incorporated herein by reference.)

Formulation of pharmaceutically-acceptable excipients
and carrier solutions is well-known to those of skill in the art,
as is the development of suitable dosing and treatment regi-
mens for using the particular compositions described herein
in a variety of treatment regimens. Typically, these formula-
tions may contain at least about 0.1% of the active ingredient
or more, although the percentage of the active ingredient(s)
may, of course, be varied and may conveniently be between
about 1 or 2% and about 70% or 80% or more of the weight or
volume of the total formulation. Naturally, the amount of
active ingredient in each therapeutically-useful composition
may be prepared is such a way that a suitable dosage will be
obtained in any given unit dose of the compound. Factors
such as solubility, bioavailability, biological half-life, route of
administration, product shelf life, as well as other pharmaco-
logical considerations will be contemplated by one skilled in
the art of preparing such pharmaceutical formulations, and as
such, a variety of dosages and treatment regimens may be
desirable.

The pharmaceutical forms suitable for injectable use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject-
able solutions or dispersions. Dispersions may also be pre-
pared in glycerol, liquid polyethylene glycols, and mixtures
thereof and in oils. Under ordinary conditions of storage and
use, these preparations contain a preservative to prevent the
growth of microorganisms. In many cases the form is sterile
and fluid to the extent that easy syringability exists. It must be
stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of micro-
organisms, such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid
polyethylene glycol, and the like), suitable mixtures thereof,
and/or vegetable oils. Proper fluidity may be maintained, for
example, by the use of a coating, such as lecithin, by the
maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. The prevention of the
action of microorganisms can be brought about by various
antibacterial and antifungal agents, for example, parabens,
chlorobutanol, phenol, sorbic acid, thimerosal, and the like.
In many cases, it will be preferable to include isotonic agents,
for example, sugars or sodium chloride. Prolonged absorp-
tion of the injectable compositions can be brought about by
the use in the compositions of agents delaying absorption, for
example, aluminum monostearate and gelatin.

For administration of an injectable aqueous solution, for
example, the solution may be suitably buffered, if necessary,
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and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions are
especially suitable for intravenous, intramuscular, subcutane-
ous and intraperitoneal administration. In this connection, a
sterile aqueous medium that can be employed will be known
to those of skill in the art. For example, one dosage may be
dissolved in 1 ml of isotonic NaCl solution and either added
to 1000 ml of hypodermoclysis fluid or injected at the pro-
posed site of infusion, (see for example, “Remington’s Phar-
maceutical Sciences” 15th Edition, pages 1035-1038 and
1570-1580). Some variation in dosage will necessarily occur
depending on the condition of the host. The person respon-
sible for administration will, in any event, determine the
appropriate dose for the individual host.

Sterile injectable solutions are prepared by incorporating
the active rAAV in the required amount in the appropriate
solvent with various of the other ingredients enumerated
herein, as required, followed by filtered sterilization. Gener-
ally, dispersions are prepared by incorporating the various
sterilized active ingredients into a sterile vehicle which con-
tains the basic dispersion medium and the required other
ingredients from those enumerated above. In the case of ster-
ile powders for the preparation of sterile injectable solutions,
the preferred methods of preparation are vacuum-drying and
freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a pre-
viously sterile-filtered solution thereof.

The rAAV compositions disclosed herein may also be for-
mulated in a neutral or salt form. Pharmaceutically-accept-
able salts, include the acid addition salts (formed with the free
amino groups of the protein) and which are formed with
inorganic acids such as, for example, hydrochloric or phos-
phoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl
groups can also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine, trim-
ethylamine, histidine, procaine and the like. Upon formula-
tion, solutions will be administered in a manner compatible
with the dosage formulation and in such amount as is thera-
peutically effective. The formulations are easily administered
in a variety of dosage forms such as injectable solutions,
drug-release capsules, and the like.

As used herein, “carrier” includes any and all solvents,
dispersion media, vehicles, coatings, diluents, antibacterial
and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and
the like. The use of such media and agents for pharmaceutical
active substances is well known in the art. Supplementary
active ingredients can also be incorporated into the composi-
tions. The phrase “pharmaceutically-acceptable” refers to
molecular entities and compositions that do not produce an
allergic or similar untoward reaction when administered to a
host.

Delivery vehicles such as liposomes, nanocapsules, micro-
particles, microspheres, lipid particles, vesicles, and the like,
may be used for the introduction of the compositions of the
present invention into suitable host cells. In particular, the
rAAV vector delivered transgenes may be formulated for
delivery either encapsulated in a lipid particle, a liposome, a
vesicle, a nanosphere, or a nanoparticle or the like.

Such formulations may be preferred for the introduction of
pharmaceutically acceptable formulations of the nucleic
acids or the rAAV constructs disclosed herein. The formation
and use of liposomes is generally known to those of skill in the
art. Recently, liposomes were developed with improved
serum stability and circulation half-times (U.S. Pat. No.
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5,741,516). Further, various methods of liposome and lipo-
some like preparations as potential drug carriers have been
described (U.S. Pat. Nos. 5,567,434; 5,552,157, 5,565,213;
5,738,868 and 5,795,587).

Liposomes have been used successfully with a number of
cell types that are normally resistant to transfection by other
procedures. In addition, liposomes are free of the DNA length
constraints that are typical of viral-based delivery systems.
Liposomes have been used effectively to introduce genes,
drugs, radiotherapeutic agents, viruses, transcription factors
and allosteric effectors into a variety of cultured cell lines and
animals. In addition, several successful clinical trails exam-
ining the effectiveness of liposome-mediated drug delivery
have been completed.

Liposomes are formed from phospholipids that are dis-
persed in an aqueous medium and spontaneously form mul-
tilamellar concentric bilayer vesicles (also termed multila-
mellar vesicles (MLVs). MLVs generally have diameters of
from 25 nm to 4 um. Sonication of MLVs results in the
formation of small unilamellar vesicles (SUVs) with diam-
eters in the range 0of 200 to 500 . ANG., containing an aqueous
solution in the core.

Alternatively, nanocapsule formulations of the rAAV may
be used. Nanocapsules can generally entrap substances in a
stable and reproducible way. To avoid side effects due to
intracellular polymeric overloading, such ultrafine particles
(sized around 0.1 um) should be designed using polymers
able to be degraded in vivo. Biodegradable polyalkyl-cy-
anoacrylate nanoparticles that meet these requirements are
contemplated for use.

In addition to the methods of delivery described above, the
following techniques are also contemplated as alternative
methods of delivering the rAAV compositions to a host.
Sonophoresis (ie., ultrasound) has been used and described in
U.S. Pat. No. 5,656,016 as a device for enhancing the rate and
efficacy of drug permeation into and through the circulatory
system. Other drug delivery alternatives contemplated are
intraosseous injection (U.S. Pat. No. 5,779,708), microchip
devices (U.S. Pat. No. 5,797,898), ophthalmic formulations
(Bourlais et al., 1998), transdermal matrices (U.S. Pat. Nos.
5,770,219 and 5,783,208) and feedback-controlled delivery
(U.S. Pat. No. 5,697,899).

Kits and Related Compositions

The isolated nucleic acids, compositions, rAAV vectors,
rAAVs, etc. described herein may, in some embodiments, be
assembled into pharmaceutical or diagnostic or research kits
to facilitate their use in therapeutic, diagnostic or research
applications. A kit may include one or more containers hous-
ing the components of the invention and instructions for use.
Specifically, such kits may include one or more agents
described herein, along with instructions describing the
intended application and the proper use of these agents. In
certain embodiments agents in a kit may be in a pharmaceu-
tical formulation and dosage suitable for a particular applica-
tion and for a method of administration of the agents. Kits for
research purposes may contain the components in appropriate
concentrations or quantities for running various experiments.

The kit may be designed to facilitate use of the methods
described herein by researchers and can take many forms.
Each of the compositions of the kit, where applicable, may be
provided in liquid form (e.g., in solution), or in solid form,
(e.g., a dry powder). In certain cases, some of the composi-
tions may be constitutable or otherwise processable (e.g., to
an active form), for example, by the addition of a suitable
solvent or other species (for example, water or a cell culture
medium), which may or may not be provided with the kit. As
used herein, “instructions” can define a component of instruc-
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tion and/or promotion, and typically involve written instruc-
tions on or associated with packaging of the invention.
Instructions also can include any oral or electronic instruc-
tions provided in any manner such that a user will clearly
recognize that the instructions are to be associated with the
kit, for example, audiovisual (e.g., videotape, DVD, etc.),
Internet, and/or web-based communications, etc. The written
instructions may be in a form prescribed by a governmental
agency regulating the manufacture, use or sale of pharmaceu-
ticals or biological products, which instructions can also
reflects approval by the agency of manufacture, use or sale for
animal administration.

The kit may contain any one or more of the components
described herein in one or more containers. As an example, in
one embodiment, the kit may include instructions for mixing
one or more components of the kit and/or isolating and mix-
ing a sample and applying to a subject. The kit may include a
container housing agents described herein. The agents may be
in the form of a liquid, gel or solid (powder). The agents may
be prepared sterilely, packaged in syringe and shipped refrig-
erated. Alternatively it may be housed in a vial or other
container for storage. A second container may have other
agents prepared sterilely. Alternatively the kit may include the
active agents premixed and shipped in a syringe, vial, tube, or
other container. The kit may have one or more or all of the
components required to administer the agents to a subject,
such as a syringe, topical application devices, or IV needle
tubing and bag.

Exemplary embodiments ofthe invention will be described
in more detail by the following examples. These embodi-
ments are exemplary of the invention, which one skilled in the
art will recognize is not limited to the exemplary embodi-
ments.

EXAMPLES

Introduction to the Examples

Alpha-1 antitrypsin (AAT) deficiency is one of the most
commonly inherited diseases in North America, with a carrier
frequency of approximately 4% in the US population. The
most common mutation arises as a single base pair change
(Glu342Lys, PI*Z, SEQ ID 4) and leads to the synthesis of the
mutant Z-AAT protein, which polymerizes and accumulates
within hepatocytes, precluding its efficient secretion. The
subsequent relative deficiency of serum AAT predisposes to
chronic lung disease. Twelve to 15% of homozygous PI*7ZZ
patients develop significant liver disease, ranging from neo-
natal hepatitis, cholestatic jaundice and cirrhosis to adult-
onset cirrhosis and hepatocellular carcinoma. Liver injury is
considered to be a consequence of the pathological accumu-
lation of mutant Z-AAT protein polymers within the endo-
plasmic reticulum of hepatocytes.

Strategies to alleviate the liver disease are focused on
decreasing the presence of the mutant Z-AAT protein in the
hepatocytes by either reducing expression of the mutant pro-
tein, or augmenting its proteolysis or secretion. In vivo stud-
ies of an allele-specific small interfering RNA (siRNA)
directed against PI*Z AAT in the Pi*Z transgenic mouse
model of AAT deficiency have been performed. In vitro stud-
ies using U6-driven shRNA clones in recombinant adeno-
associated virus (rAAV) backbones have identified an effec-
tive allele-specific siRNA sequence (termed pl0) that can
reduce Pi*Z AAT protein levels while minimizing knock-
down of the normal Pi*M AAT. Using the AAVS capsid,
rAAV-U6-p10 was packaged and administered by hepatic
portal vein injection into Pi*Z transgenic mice for direct in
vivo targeting of the liver. A similarly delivered AAV8-pack-
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aged non-specific siRNA, rAAV-U6-NC, served as a control
(NC). Histological data from these studies revealed areas of
complete or partial elimination of Z-AAT protein in the liver
at 10 days post-injection in the p10 cohort. Analysis of the
serum Z-AAT levels shows a kinetically significant reduction
for 4 weeks post-injection in the p10 cohort when compared
to NC control cohort. To examine the allele-specificity,
AAVS8-packaged Pi*M-AAT was co-administered with each
shRNA construct. For both the pl10+Pi*M and NC+Pi*M
groups, there was considerable expression of AAT in the liver
by histological staining and there was no significant differ-
ence in serum AAT levels.

The Pi*Z mutation (Glu342Lys) within exon 5 of alpha-1
antitrypsin (AAT) causes a plasma AAT deficiency (A1AD)
which exposes lung tissue to uncontrolled proteolytic attack
and can result in emphysema. Pi*Z mutant AAT is retained
within the hepatocytes and causes a liver disease in ~12% of
patients with the deficiency. Delivering wild-type copies of
AAT does not address the liver pathology so down-regulation
strategies including siRNA have been targeted to AAT mes-
sage within hepatocytes. Since mutant AAT-PiZ exhibits a
gain-of-function hepatocellular toxicity accumulating in the
endoplasmic reticulum, decreasing AAT-Pi*Z mRNA levels
(and therefore the protein) may ameliorate or even reverse the
liver pathology. In addition, increased secretion of functional
AAT protein will theoretically protect the lungs from neutro-
phil elastase and associated proteolytic enzymes.

The strategies described herein include the development of
rAAV mediated therapies to both augment serum levels of
normal AAT and down-regulate mutant AAT using miRNA.
To achieve expression and secretion of wild-type AAT while
simultaneously reducing AAT-PiZ levels. Three miRNA
sequences targeting the AAT gene were selected in some
embodiments and cloned into two different locations of the
expression cassette. The first location is within the intron of
the CB promoter driving expression of GFP, and the second
location was between the poly A sequence and the 3' end of the
gene, an additional construct with miRNAs at both locations
was also created. These three constructs were packaged into
rAAV8 and delivered to transgenic mice expressing the
mutant form of human AAT (hAAT Pi*Z) at 6x10"! vector
particles per mouse via the tail vein. These experiments
showed about a 60% to 80% reduction in secreted AAT pro-
tein in mice serum when compared with CB-GFP control
vector injected group. It was determined that the 3XD con-
struct was the most efficient for knocking down hAAT, in
some embodiments. Liver immuno-histology also showed
hAAT Pi*Z protein clearance at 4 weeks after vector delivery.
Using an AAT sequence with silent base pair changes to
prevent the miRNA silencing allows both up regulation of
wildtype AAT gene expression while simultaneously knock-
ing down levels of mutant protein with a single rAAV vector
construct.

Materials and Methods

rAAV9 Packaging and Purification: Recombinant AAV9
vectors used in this study were generated, purified, and titered
by the UMass Gene Therapy Vector Core as previously
described.

Cell Culture and Transfection: HEK-293 cells were cul-
tured in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal bovine serum and 100 mg/1 of penicillin-
streptomycin (Gemini Bio-products Cat#400-109, Wood-
land, Calif). Cells were maintained in a humidified incubator
at37° C. and 5% CO2. Plasmids were transiently transfected
using Lipofectamine 2000 (Cat#11668-027 Invitrogen,
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Carlsbad, Calif.) according to the manufacturer’s instruc-
tions. Cell culture supernatants or cell lyses were collected
accordingly.

Serum AAT ELISAs

Human AAT ELISA: Total AAT protein levels were
detected by ELISA. High binding extra, 96-well plate (Immu-
lon 4, cat#3855 Dynatech Laboratories, Inc., Chantilly, Va.)
were coated with 100 pul of goat anti-hAAT (1:500 diluted;
cat#55111MP Biomedicals, Irvine Calif.) in Voller’s buffer
overnight at 4° C. After blocking with 1% non-fat dry milk in
PBS-T, duplicate standard curves (hAAT; cat#16-16-011609,
Athens Research and Technology, Athens, Ga.,) and serially
diluted unknown samples were incubated in the plate at room
temperature for 1 hr, a second antibody, Goat anti-hAAT
(HRP) (1:5000 diluted, cat #ab7635-5, Abcam Inc, Cam-
bridge, Mass.) was incubated at room temperature for 1 h. The
plate was washed with phosphate-buffered saline (PBS)-
Tween 20 between reactions. After reaction with TMB per-
oxidase substrate (KPL, Inc, Gaithersburg, Md.) reactions
were stopped by adding 2 N H,SO, (cat#A300-500 Fisher,
Pittsburgh, Pa.). Plates were read at 450 nm on a VersaMax
microplate reader (Molecular Devices).

Z-AAT ELISA: Human Z-AAT protein levels were
detected by ELISA using coating antibody (1:100 diluted
mouse-anti-human Alpha-1-Antitrypsin-Z, clone F50.4.1
Monoclonal Antibody cat#MONS5038, Cell Sciences, Inc.,
Canton, Mass.). Standard curves were created using PIZ
mouse serum with 5% BSA (cat#B4287 Sigma, St. Louis,
Mo.). Serially diluted unknown samples were incubated in
the plate at 37° C. for 1 hr, secondary antibody and following
the step were same as the standard human-AAT ELISA
described above, except secondary antibody was diluted in
5% BSA and incubated in the plate at 37° C. for 1 hr.

c-Myc ELISA: c-Myc tag levels were quantified by a simi-
lar method as described above. Plates were coated with a
c-Myc antibody (1:1000 diluted Goat anti-c-Myc, MA
cat#AB19234 Abcam, Cambridge Mass.), plates were then
blocked with 5% BSA at37° C. for 1 hr. Standard curves were
generated from supernatants collected from c-Myc-AAT
transfected cells.

Real-time RT-PCR

RNA Extraction: Flash frozen mouse liver tissue was
ground up in a pestle and mortar and used to extract either
small or total RNA using the mirVana miRNA RNA Isolation
Kit (cat#AM1560 Ambion, Austin, Tex.) according to the
manufacturer’s instructions.

microRNA qRT-PCR: microRNA was primed and reverse-
transcribed with TagMan MicroRNA reverse transcription
Kit (cat#4366596, Applied Biosystems Foster City, Calif.).
Quantitative PCR were performed in duplicate with gene
specific RT-miRNA primers and PCR Assays were designed
by Applied Biosystems, using TagqMan Gene Expression
Master mix (cat#436916, Applied Biosystems, Foster City,
Calif.) in a StepOne Plus real-time PCR instrument (Applied
Biosystems, Foster City, Calif.).

PIM and PIZ qRT-PCR: Total RNA was primed with oligo
(dT) and reverse-transcribed with SuperScript III First-
Strand Synthesis kit for RT-PCR (Cat#18989-51, Invitrogen,
Carlsbad, Calif.). Quantitative PCR were performed by gene-
specific primer pairs. PIM and P1Z share the primers but differ
in the probes. Forward primer CCAAGGCCGTGCATAAGG
(SEQ ID NO: 29), Reverse primer: GGCCCCAGCAGCT-
TCAGT (SEQ ID NO: 30), PIZ probe: 6FAM-CTGAC-
CATCGACAAGA-MGBNFQ (SEQ ID NO: 31) and PIM
probe: 6FAM-CTGACCATCGACGAGA-MGBNFQ (SEQ
1D NO: 32), Reactions were performed using TagMan Gene
Expression Master mix (cat#436916, Applied Biosystems,
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Foster City, Calif.) in a StepOne Plus real-time PCR instru-
ment (Applied Biosystems, Foster City, Calif.).

Z-AAT Transgenic Mice and rAAV9 Delivery: The PiZ-
transgenic mice used in this study have been described pre-
viously®. All animal procedures were performed according to
the guidelines of the Institutional Animal Care and Use Com-
mittee of the University of Massachusetts Medical School.
Recombinant AAV9 vector was administered by mouse tail
veil injection. The injections were performed in the most
accessible vessels veins that run the length of both lateral
aspects of the tail by grasping the tail at the distal end. Bleeds
were performed through the facial vein pre-injection and
every week after tail vein rAAV9 delivery until termination of
the studies.

Liver Histology: For determination of histological
changes, liver samples were fixed in 10% neutral-buffered
formalin (Fisher Scientific), and embedded in paraffin. Sec-
tions (5 pm) were stained with hematoxylin and eosin and
periodic acid-Schiff (PAS) with or without diastase digestion.

Immuno-histochemistry for hAAT was performed as pre-
viously described'?, briefly tissue sections (5 pum) were
deparaftinized, rehydrated, and blocked for endogenous per-
oxidase with 3% hydrogen peroxide in methanol for 10 min-
utes. To detect hAAT expression, tissue sections were incu-
bated with primary antibody, rabbit antihuman AAT (1:800;
RDU/Fitzgerald Industries, Concord, Mass.), for overnight at
4° C. Staining was detected using ABC-Rb-HRP and DAB
kits (Vector Laboratories, Burlingame, Calif.).

Histology Image Analysis. Slides were stained for PASD to
remove glycogen. Whole digital slide images were created
using an Aperio CS ScanScope (V, CA) and analyzed using
the positive pixel count algorithm (version 9). PASD-positive
globules were expressed as the proportion of strong positive
pixels to total pixels using a hue value of 0.9, hue width of
0.15, and color saturation threshold of 0.25. The intensity
threshold for strong positivity was set to an upper limit of 100.

Analysis of Z-AAT Protein Monomer and Polymer. For
soluble/insoluble protein separation, 10 mg of whole liver
was added to 2 ml bufter at 4° C. (50 mmol/1 Tris-HC1 (pH
8.0), 150 mmol/1 NaCl, 5 mmol/1 KCl, 5 mmol/1 MgCI2,
0.5% Triton X-100, and 80 pl of complete protease inhibitor
stock). The tissue was homogenized in a prechilled Dounce
homogenizer for 30 repetitions, then vortexed vigorously. A
1-ml aliquot was passed through a 28-gauge needle 10 times.
Thetotal protein concentration of the sample was determined,
and a 5-ug total liver protein sample was aliquoted and cen-
trifuged at 10,000 g for 30 minutes at 4° C. Supernatant
(soluble (S) fraction) was immediately removed into fresh
tubes; extreme care was taken to avoid disturbing the pellet
(insoluble (I) fraction). The insoluble polymers pellet (I frac-
tion) was denatured and solubilized via addition of 10 1
chilled cell lysis bufter (1% Triton X-100, 0.05% deoxycho-
late, 10 mmol/1 EDTA in phosphate-buffered saline), vor-
texed for 30 seconds, sonicated on ice for 10 minutes and
vortexed. To each soluble and insoluble sample, 2.5 sample
buffer (50% 5 sample buffer (5% sodium dodecyl sulfate,
50% glycerol, 0.5 mol/1 Tris (pH 6.8)), 10% mercaptoethanol,
40% ddH20) was added at a volume of 50% of the sample
volume. Samples were boiled and loaded for sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE);
equal amounts of total liver protein were loaded per soluble-
insoluble pair in quantitative experiments. Densitometry was
performed using Image J Software (NIH, Bethesda, Md.).

Serum Chemistries: Serum samples were analyzed by
UMass Mouse Phenotyping Center Analytical Core, using
the NEXCT Clinical Chemistry Analyzer (Alfa Wassermann
Diagnostic Technologies, West Caldwell, N.J.). Serum was
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analyzed for alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) according the manufacturers speci-
fications.

miRNA Microarray Expression Analysis: 8 pg of total
RNA were isolated from flash frozen mouse livers using the
mirVana miRNA isolation kit (Ambion). The experimental
design included six groups with RNA samples from 5 mice
each which were assayed on single color arrays for a total of
30 independent microarrays. In brief, the RNA was labeled
with CyS5 and hybridized to dual-channel microarray jLPara-
Flo microfluidics chips (LC Sciences) containing miRNA
probes to mouse mature miRNAs available in the Sanger
miRBase database (Release 16.0) as previously described .
Each of the spotted detection probes consisted of a nucleotide
sequence complementary to a specific miRNA sequence and
a long non-nucleotide spacer that extended the specific
sequence away from the chip surface. Fluorescence images
were collected using a laser scanner (GenePix 4000B,
Molecular Device) and digitized using Array-Pro image
analysis software (Media Cybernetics). The data was ana-
lyzed including background subtraction, using a LOWESS
(locally weighted regression) method on the background-
subtracted data as previously described'®. The normalization
is to remove system related variations, such as sample amount
variations, and signal gain differences of scanners. Detection
was determined to be positive only if transcripts had a signal
intensity higher than 3x (background SD) and spot CV<0.5.
CV as calculated by (SD)/(signal intensity), and in which
repeating probes on the array produced signals from at least
50% of the repeating probes above detection level. Data is
represented as a Log 2 transformation. The data was further
filtered to remove miRNAs with (normalized) intensity val-
ues below a threshold value of 32 across all samples. t-Test
were performed between “control” and “test” sample groups
where T-values are calculated for each miRNA, and p-values
are computed from the theoretical t-distribution. If p<0.05, it
is plotted as red spot in a log scatter plot.
Artificial miRNAs are as Efficient as shRNAs at Downregu-
lating Alpha-1 Antitrypsin In Vitro

Efficient Z-AAT knockdown has been demonstrated in
vivo and in vitro using shRNAs expressed from a pol III U6
promoter using rAAVS. In order to determine if an alternative
and potentially safer approach could be employed using poly-
merase 11 driven miRNA expression, three distinct miRNAs
targeting the human AAT gene were cloned into the intron of
a hybrid chicken beta-actin (CB) promoter driving GFP
expression (Table 2 and FIG. 1). An in vitro comparison of the
previously used U6 driven shRNAs against the pol II driven
miRNAs was carried out on cell lines expressing the human
Pi*Z AAT gene. Initially a delay in Z-AAT knockdown with
the miRNAs at 24 hrs was observed, but an eventual compa-
rable ~35% reduction in secreted AAT protein by 48 and 72
hrs was observed for both constructs as compared to GFP
controls (FIG. 1a). A similar reduction was observed in intra-
cellular AAT protein levels assayed from the cell pellets at 72
hrs (FIG. 15).
rAAV9 Expressed miRNAs Mediate Efficient AAT Knock-
down In vivo

Based on the in vitro findings, the construct with the three
intronic miRNA sequences (intronic 3XmiR) along with
three other constructs containing the individual miRNAs
directed against the Z-AAT were packaged in rAAV and
tested in vivo in the PiZ transgenic mice. Five groups of 5
week old mice received: rAAV9-CB-GFP, rAAV9-
CBintronic3xmiR-GFP or vector with either one of the indi-
vidual miRNA via a tail vein injection with 5.0x1011 vector
particles (vps) of rAAV9. Mice were bled weekly for a total of
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5 weeks to check for circulating Z-AAT levels and were
sacrificed on day 35 post rAAV delivery. As shown in FIG. 2,
mice receiving 3X intronic miRNAs (intronic 3Xmir) had on
average a sustained 50-60% decrease in serum AAT levels
when compared to baseline values while mice receiving the
single intronic miRNAs had on average a knockdown of 30%
as compared to mice receiving the GFP control vector.

To evaluate the effect that miRNA mediated knockdown
was having at the organ level, the livers of these mice were
evaluated 5 weeks post rAAV delivery for abundance of intra-
cellular Z-AAT. As can be appreciated from liver immuno-
stains for human AAT in FIG. 3, there was a marked decrease
in AAT positive staining in the livers belonging to mice in the
rAAV9-intronic3XmiR-GFP treated group. In addition to the
drastic reduction in AAT positive staining, likewise there was
a dramatic decrease in intracellular AAT globules as deter-
mined by diastase resistant PAS (PASD) positive staining.
Importantly the reduction in both PASD and hAAT staining
was accompanied by a reduction in inflammatory foci in the
GFP group (FIG. 3). This suggests that the reduction in hAAT
accumulation in the PiZ mice livers may be alleviating
inflammation as evidenced by the reduction in inflammatory
infiltrates.

Onset and Degree of Knockdown are Dependent on miRNA
Location within the Expression Cassette

While delivering 3 miRNAs within the intron of the CB
promoter was successful at lowering Z-AAT expression, it
was unclear whether the location of the miRNAs within the
expression cassette had any effect on their efficiency. It was
investigated whether cloning the 3 miRNAs between the 3'
end of the GFP gene and the polyA tail would have an effect
on the kinetics of AAT knockdown Likewise it was evaluated
whether cloning the 3 miRNAs at both locations would
increase (e.g., double) the amount of miRNAs being pro-
duced and lead to a further enhancement of AAT knockdown.
As in the previous experiments, Z-AAT transgenic mice
received 5x10'! vector particles of rAAV9 vectors expressing
the miRNAs either from the intron (intronic-3XmiR), poly A
region (PolyA-3XmiR) or at both locations at once (Double-
6XmiR) (see diagram in FIG. 4). Analysis of serum Z-AAT
levels revealed that by four weeks the PolyA-3XmiR and
Double-6XmiR were more effective than the intronic-3XmiR
vector at clearing serum Z-AAT levels by 85-70% and in
some cases by up to 95% with the Double-6XmiR vector
(FIG. 4). Real-time quantitative RT-PCR analysis of liver
tissue from these mice was performed to assay for the abun-
dance of each of the three artificial vector derived miRs (910,
914, 943). As indicated in F1G. 5, both the Poly A-3XmiR and
Double-6XmiR vectors produced about two-fold more copies
of'each of the miRs (FIG. 5).

Having achieved a short-term clinically significant knock-
down of more than 50% of Z-AAT protein levels it was
necessary to determine if this knockdown could be sustained
for longer periods of time. Once again the three vector con-
structs were delivered via the tail vein at a slightly higher titer
of 1.0x10'? vector particles per mouse and serum Z-AAT
levels were monitored weekly for 3 months. The knockdown
onset of the three vector varied within 7 weeks, the Double-
6XmiR vector achieved 90% knockdown 2 weeks after deliv-
ery, the PolyA-3XmiR reached this mark by the third week
while the intronic-3XmiR vector remained in the range of
50-65% knockdown for the first 7 weeks (FIG. 6a). Further
analysis of liver homogenates to determine whether this
reduction was in the monomer or polymer pools of Z-AAT
was performed on all groups. Monomer and polymer Z-AAT
fractions were separated under nondenaturing conditions
after which, the fractions were denatured and quantitatively
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assessed by immunoblotting. A reduction was observed in all
groups in the monomer pool 3 months after miRNA treat-
ment. Densitometric analysis of the bands showed significant
differences in the Poly A-3XmiR and Double-6XmiR as com-
pared to mice treated with a control vector (FIG. 6 5-d). This
knockdown observed at two weeks in FIG. 6a was accompa-
nied by significant reduction in serum ALT and AST in the
Double-6XmiR group with clear decreasing trends in the two
other groups expressing anti-AAT miRs (FIGS. 6e and 6f).
Although Z-AAT levels rose slightly for animals in the
Double-6XmiR and PolyA-3XmiR groups between week 7
and 13, all three vectors stabilized at a sustained level of about
75% knockdown of Z-AAT for the remainder of the study
(FIG. 6).
In vitro Delivery of miRNAs Against Z-AAT and Gene Cor-
rection with M-AAT Using a Single Vector

A dual-function vector that would simultaneously augment
protein levels of the wild-type M-AAT protein, thereby
addressing both liver disease caused by the toxic gain-of-
function of Z-AAT polymers and the loss-of-function caused
by the absence of circulating M-AAT, was evaluated. To
achieve this, the GFP gene was replaced with a wild-type
AAT gene that had silent base pair changes at the miRNAs’
target sites, thus making it impervious to the miRNA medi-
ated knockdown. HEK-293 cells were co-transfected with
two plasmids, one of the plasmid expressed Z-AAT and the
other one was either the Double-6XmiR-GFP, Double-
6XmiR-AAT (containing the hardened, knockdown-impervi-
ous AAT gene) or a control. The transfected cells were incu-
bated for 72 hrs and RNA was harvested from cell pellets for
a quantitative RT-PCR analysis of Z-AAT and M-AAT tran-
scripts. Analysis of Z-AAT mRNA levels revealed the both
Double-6XmiR-GFP and Double-6XmiR-AAT produced a
significant knockdown of up to 37-fold in Z-AAT mRNA
copies as compared to the mock transfected cells (FIG. 7a).
Furthermore, quantitative RT-PCR for wild-type M-AAT
transcripts from the same RNA pool, revealed that the
Double-6XmiR-AAT construct upregulated M-AAT expres-
sion by more than 100-fold over the endogenous levels
observed in control transfected cells (FIG. 75).
In Vivo Delivery of Dual-function Vectors

Taking the in vitro findings into consideration as well as the
more rapid onset and the decreased variability in knockdown
observed with the Double-6XmiR and Poly A-3XmiR vectors
(FIG. 6), both of these miRNA configurations were tested as
dual function vectors in vivo. Three cohorts of seven mice
each were dosed with 1.0x10"? vector particles with either a
GFP control, Double-6XmiR-CB-AAT or a PolyA-3XmiR-
CB-AAT rAAV9 vectors. Serum was harvested weekly from
the mice for 13 weeks and was analyzed for Z-AAT serum
levels with a PiZ specific ELISA and for M-AAT levels with
an ELISA detecting the cMYC tag on the M-AAT cDNA.
Changes in Z-AAT serum levels were comparable to previous
experiments, with a sustained knockdown around 75-85% for
both vectors (FIG. 8a bottom panel). A more rapid onset of
knockdown was seen with the Double-6XmiR vector but the
PolyA-3XmiR vector achieved similar knockdown by the
fourth week. As the Z-AAT knockdown progressed, a con-
comitant rise in circulating M-AAT was observed from mice
receiving the dual function vectors (FIG. 8a upper panel).

Surprisingly, while the knockdown for both vectors was
similar four weeks post delivery, the production of M-AAT
was substantially different. The PolyA-3XmiR-CB-AAT
vector produced 8-10 times more M-AAT than the Double-
6XmiR-CB-AAT vector. Liver RNA was extracted from
these mice at the end of the study to quantify the mRNA levels
of Z-AAT and M-AAT. A precipitous decrease in Z-AAT
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mRNA occurred in both cohorts of mice receiving vectors
with miRNAs as compared to mice receiving a rAAV9-CB-
GFP control (FIG. 8B). A quantitative RT-PCR for M-AAT
was also performed, to verify production of M-AAT at the
RNA level and to determine if the difference in M-AAT
production between dual-function vectors was related to
mRNA transcription. Despite the clear difference in M-AAT
serum protein levels, there was no statistically significant
difference in the M-AAT mRNA levels between the two
groups (FIG. 8C). This indicates that mRNA processing and
translation but not the level of transcription may be affected in
the Double-6XmiR-CB-AAT group, in some cases.
Analysis of Global Liver miRNA Profiles after Delivery of
Artificial miRNAs with rAAV9

A microarray analysis of endogenous mouse miRNAs
from liver tissue for 6 groups of mice with 5 mice per group
was performed on 30 separate microfluidic chips using
samples obtained from the long-term Z-AAT knockdown
experiments (FIG. 6), along with 5 untreated Z-AAT trans-
genic mice and 5 C57/BL6 mice. In order to determine basal
differences imparted by the human Z-AAT gene in mice, an
initial comparison between untreated PiZ mice and wildtype
C57BL6 mice was performed. As shown in FIG. 9a and Table
3, there were only 4 statistically significant differences
among these mice with only miR-1 having a log 2 ratio
greater than 2, being upregulated in PiZ mice. The effects of
rAAV9-CB-GFP, rAAV9-Double-6XmiR-CB-GFP, rAAV9-
PolyA-3XmiR-CB-GFP and rAAV9-intronic-3XmiR-CB-
GFP liver transduction on liver miRNA profiles were com-
pared. Surprisingly the expression of the artificial vector
derived miRNAs had minimal impact on global miRNA pro-
files (see FIG. 9b-d). Statistically significant differences
between untreated PiZ mice and rAAV9 treated mice were
observed in 2-6 differentially expressed miRNAs. Of these
differentially expressed miRNAs the one with the largest
change was miR-1 which was down-regulated back down to
levels observed in the C57B16. This correction of miR-1
up-regulation in PiZ mice was observed in all groups includ-
ing the mice receiving only rAAV9-GFP. Thus it seems to be
dependent on rAAV9 delivery and not on artificial miRNA
delivery.

The results presented in these examples describe a combi-
natorial therapeutic approach for the treatment of both liver
and lung disease present in alpha-1 antitrypsin deficiency.
This therapeutic approach is based on a single dual function
AAV vector to deliver both miRNAs targeting AAT for clear-
ance of mutant mRNA along with a miRNA resistant AAT
c¢DNA for augmentation of wild-type protein. The data pre-
sented herein support this approach as the biological activities
of'the miRNAs are demonstrated both by cell culture experi-
ments, and in vivo after numerous experiments with tail vein
delivery of rAAV9-pseudotyped vectors. Depending on the
configuration of the miRNAs, a long-term knockdown of
circulating serum Z-AAT in a range of 50-95% was consis-
tently achieved. Furthermore, in the case of dual function
vectors this knockdown was accompanied by equally sus-
tained expression and secretion of wild-type M-AAT.

Knockdown of mutant Z-AAT protein is observed in PiZ
transgenic mice using a rAAVS vector expressing U6 driven
shRNAs. Initial cell culture experiments determined that by
72 hours the efficiency of the miRNAs used in this study were
comparable to shRNAs (FIG. 1). The in vivo experiments
described herein corroborated this finding, as a significant
decrease in Z-AAT was observed with administration of the
rAAV9-CBintronic3xmiR-GFP rAAV9 vector (FIG. 2).
These experiments also highlighted an enhanced effect that
was obtained by using 3 anti-AAT miRNAs with different
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target sequences as none of the vectors with a single miRNA
achieved the level of knockdown seen when they were deliv-
ered in combination (FIG. 2). Another biological effect aside
from Z-AAT serum reduction that was observed included a
significant and widespread decrease in the accumulation of
Z-AAT within the hepatocytes and a reduction of the inflam-
matory lymphocyte foci within the liver (FIG. 3).

Surprisingly, anti-AAT miRNA efficacy was improved by
altering the location of the miRNA within the expression
cassette. Initial short-term experiments demonstrated that
expressing the miRNAs from the 3' end of the GFP gene
rather than from the intron of the CB promoter lead to a 25%
increase in the silencing capabilities of the miRNAs and also
a to significant decrease in the variability of this effect. Fur-
thermore, doubling the effective miRNA dose per vector by
having the miRNAs expressed from both locations did lead to
more rapid onset of Z-AAT knockdown (FIG. 4). Moreover,
increased miRNA production was seen for both the PolyA-
3XmiR-CB-GFP and the Double-6XmiR-CB-GFP vectors as
compared to the rAAV9-intronic3xmiR-GFP vector. This
indicates that, in some embodiments, miRNA processing
from the intron of the CB promoter may be not as efficient as
from the 3' end of the GFP gene. In other embodiments,
long-term experiments showed that initial kinetic differences
in knockdown from the three vectors wanes overtime and by
eight weeks the intronic3xmiR-GFP decreases in variability
and augments in silencing efficacy.

The potency and stability of the decrease in serum Z-AAT
observed in vivo suggests that either of these vectors would
lower Z-AAT levels in Pi*ZZ patients to therapeutic levels,
even below those seen in Pi*MZ heterozygote patients. How-
ever, in some cases, maximal clinical benefit would be
derived from a concomitant rise in M-AAT circulation. In this
regard, the dual function vectors were designed to also deliver
a miRNA-resistant M-AAT cDNA. Cell culture experiments
showed the feasibility of this strategy as was shown by a
decrease in Z-AAT specific mRNA with a simultaneous rise
in M-AAT using a single pro-viral plasmid (FIG. 7). These
experiments supported an in vivo study of the dual function
vectors. The results from those experiments confirmed the in
vitro data, clearly demonstrating the feasibility of concomi-
tant knockdown and augmentation of mutant and wild-type
protein respectively. These experiments also revealed that the
double configuration of miRNAs had a more rapid onset of
Z-AAT knockdown but the overall efficacy over time was
comparable to the PolyA-3XmiR-CB-AAT vector. In addi-
tion to improved knockdown kinetics of the Double-6XmiR-
CB-AAT vector, a decreased output of M-AAT was also
observed (FIG. 8a). Initially it was hypothesized that this may
have been a result of decreased M-AAT mRNA production
due to the presence of miRNA within the intron of this con-
struct, but as shown in FIG. 8¢, there was a statistically
significant difference in M-AAT mRNA was not observed
between the two groups. While mRNA transcription and sta-
bility are not affected by the presence of miRNAs within the
intron, their translation into protein may be hindered as
observed in the decrease circulating M-AAT levels in the
serum of these mice.

A consideration for a clinical therapy is an effect of artifi-
cial miRNA expression on the endogenous miRNA profiles of
the target organ. In order to determine if rAAV9 expressed
anti-AAT miRNAs were disturbing the endogenous miRNA
profiles of the liver, the livers of 30 mice were interrogated at
the end of the study described in FIG. 6 with a miRNA
microarray. As can be observed from FIG. 9, neither did the
delivery of rAAV9-GFP or of the vectors expressing miRNAs
have a significant impact on miRNA profiles. Notably, mir-
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122 which is the most abundant miRNA produced in the liver
was unaffected in any group. While some miRNAs were
found to be expressed at statistically different levels among
the groups, they were mostly on the border of having a 2-fold
change with one exception. Interestingly, mir-1 seemed to
consistently have upwards of a 2-fold change with rAAV9
intervention. In the case of this miRNA the fold change with
rAAV intervention was in the direction of reverting the levels
back to those found in wildtype C57BL6 mice (FIG. 9a).
Thus, in summary, miRNA profiles were unperturbed and in
some cases ‘corrected’ back to wildtype levels with rAAV9
delivery.

These findings indicate that other diseases states requiring
the combination of augmentation of a functional allele and
suppression of a mutant allele may be addressed in a similar
fashion. One such example is Huntington Disease (HD), in
which mutant alleles cause a severe autosomal dominant dis-
ease, but in which an allele-specific knockdown might only be
feasible if the functional allele were modified to convey resis-
tance to a miRNA-based knockdown. Itis also significant that
these manipulations result in minimal perturbations of endog-
enous miRNA profiles. This is potentially important for con-
sidering the safety of single agent miRNA-based approaches,
which would be useful in other anti-viral therapies, e.g.,
therapies directed against HBV or HCV. As with the genetic
diseases considered above, these are conditions in which the
down-regulation of target genes for prolonged periods of time
may be advantageous. Therefore, emergence of the rAAV-
based miRNA platform as a means to address these problems
would be useful as well.

TABLE 2

Artificial miRNA sequences

miRNA910
5 -
TAAGCTGGCAGACCTTCTGTCGTTTTGGCCACTGAGTGACGACAGAAGCT
GCCAGCTTA

(SEQ ID NO: 21)

miRNA914
5 -
AATGTAAGCTGGCAGACCTTCGTTTTGGCCACTGACTGACGAAGGTCTCA
GCTTACATT

(SEQ ID NO: 22)

miRNA943
5 -
ATAGGTTCCAGTAATGGACAGGTTTGGCCACTGACTGACCTGTCCATCTG
GAACCTAT

(SEQ ID NO: 23)

TABLE 3

Statistically significant changes in liver miRNA profiles

Group 1 Group 2
Mean Mean

Intensity Intensity Log2

Reporter Name p-value n=25) (n=15) (G2/G1)
B6-Control PiZ-Control

mmu-miR-762 2.39E-02 525 1,099 1.07
mmu-miR-23a 4.03E-02 1,247 1,593 0.35
mmu-miR-1 4.95E-02 126 2,776 4.46
mmu-miR-341%* 4.97E-02 4,340 2,287 -0.92

PiZ-GFP PiZ-Control
mmu-miR-1 6.03E-03 5 2.776 9.13
mmu-miR-148a 7.48E-03 1,841 1,058 -0.80
mmu-miR-720 9.33E-03 1,264 3,440 1.44
mmu-miR-30c 1.03E-02 2,830 1,757 -0.69
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TABLE 3-continued

Statistically significant changes in liver miRNA profiles

Group 1 Group 2
Mean Mean

Intensity Intensity Log2
Reporter Name p-value (n=15) (n=5) (G2/G1)
mmu-miR-146a 1.71E-02 362 175 -1.05
mmu-miR-30d 4.64E-02 627 454 -0.47

PiZ-PolyA Piz-Control

mmu-miR-2145 1.40E-02 573 114 -2.32
mmu-miR-1 2.82E-02 22 2,776 6.95
mmu-miR-690 2.41E-02 3.071 534 -2.52
mmu-miR-720 4.31E-02 1,816 3,440 0.92

PiZ-6X PiZ-Control
mmu-miR-146a 1.53E-02 445 175 -1.35
mmu-miR-1 3.04E-02 115 2,776 4.59
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Having thus described several aspects of at least one
embodiment of this invention, it is to be appreciated that
various alterations, modifications, and improvements will
readily occur to those skilled in the art. Such alterations,
modifications, and improvements are intended to be part of
this disclosure, and are intended to be within the spirit and
scope of the invention. Accordingly, the foregoing descrip-
tion and drawings are by way of example only and the inven-
tion is described in detail by the claims that follow.

As used herein, the terms “approximately” or “about” in
reference to a number are generally taken to include numbers
that fall within a range of 1%, 5%, 10%, 15%, or 20% in either
direction (greater than or less than) of the number unless
otherwise stated or otherwise evident from the context (ex-
cept where such number would be less than 0% or exceed
100% of a possible value).

Use of ordinal terms such as “first,” “second,” “third,” etc.,
in the claims to modify a claim element does not by itself
connote any priority, precedence, or order of one claim ele-
ment over another or the temporal order in which acts of a
method are performed, but are used merely as labels to dis-
tinguish one claim element having a certain name from
another element having a same name (but for use of the
ordinal term) to distinguish the claim elements.

The entire contents of all references, publications,
abstracts, and database entries cited in this specification are
incorporated by reference herein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32
<210> SEQ ID NO 1

<211> LENGTH: 418

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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<400> SEQUENCE:

Met

1

Cys

Gln

Lys

Leu

65

Ile

Glu

Gln

Ser

145

Leu

Ala

Ile

Lys

225

Lys

Lys

Thr

Asn

Arg

305

Tyr

Ser

Leu

Thr

Pro
385

Gln

Pro

Leu

Lys

Ile

Ala

Ala

Asp

Ala

Pro

130

Glu

Tyr

Lys

Val

Asn

210

Asp

Val

Lys

Ala

Glu

290

Arg

Asp

Asn

Ser

Glu
370

Pro

Asn

Ser

Val

Thr

35

Thr

His

Thr

Glu

Gln

115

Asp

Gly

His

Lys

Asp

195

Tyr

Thr

Pro

Leu

Ile

275

Leu

Ser

Leu

Gly

Lys

355

Ala

Glu

Thr

Ser

Pro

20

Asp

Pro

Gln

Ala

Ile

100

Ile

Ser

Leu

Ser

Gln

180

Leu

Ile

Glu

Met

Ser

260

Phe

Thr

Ala

Lys

Ala

340

Ala

Ala

Val

Lys

1

Val

Val

Thr

Asn

Ser

Phe

85

Leu

His

Gln

Lys

Glu

165

Ile

Val

Phe

Glu

Met

245

Ser

Phe

His

Ser

Ser

325

Asp

Val

Gly

Lys

Ser

Ser

Ser

Ser

Leu

Asn

70

Ala

Glu

Glu

Leu

Leu

150

Ala

Asn

Lys

Phe

Glu

230

Lys

Trp

Leu

Asp

Leu

310

Val

Leu

His

Ala

Phe
390

Pro

Trp

Leu

His

Ala

55

Ser

Met

Gly

Gly

Gln

135

Val

Phe

Asp

Glu

Lys

215

Asp

Arg

Val

Pro

Ile

295

His

Leu

Ser

Lys

Met
375

Asn

Leu

Gly

Ala

His

40

Glu

Thr

Leu

Leu

Phe

120

Leu

Asp

Thr

Tyr

Leu

200

Gly

Phe

Leu

Leu

Asp

280

Ile

Leu

Gly

Gly

Ala
360
Phe

Lys

Phe

Ile

Glu

25

Asp

Phe

Asn

Ser

Asn

105

Gln

Thr

Lys

Val

Val

185

Asp

Lys

His

Gly

Leu

265

Glu

Thr

Pro

Gln

Val

345

Val

Leu

Pro

Met

Leu

10

Asp

Gln

Ala

Ile

Leu

90

Phe

Glu

Thr

Phe

Asn

170

Glu

Arg

Trp

Val

Met

250

Met

Gly

Lys

Lys

Leu

330

Thr

Leu

Glu

Phe

Gly

Leu

Pro

Asp

Phe

Phe

75

Gly

Asn

Leu

Gly

Leu

155

Phe

Lys

Asp

Glu

Asp

235

Phe

Lys

Lys

Phe

Leu

315

Gly

Glu

Thr

Ala

Val
395

Lys

Leu

Gln

His

Ser

Phe

Thr

Leu

Leu

Asn

140

Glu

Gly

Gly

Thr

Arg

220

Gln

Asn

Tyr

Leu

Leu

300

Ser

Ile

Glu

Ile

Ile
380

Phe

Val

Ala

Gly

Pro

45

Leu

Ser

Lys

Thr

Arg

125

Gly

Asp

Asp

Thr

Val

205

Pro

Val

Ile

Leu

Gln

285

Glu

Ile

Thr

Ala

Asp
365
Pro

Leu

Val

Gly

Asp

30

Thr

Tyr

Pro

Ala

Glu

110

Thr

Leu

Val

Thr

Gln

190

Phe

Phe

Thr

Gln

Gly

270

His

Asn

Thr

Lys

Pro

350

Glu

Met

Met

Asn

Leu

15

Ala

Phe

Arg

Val

Asp

95

Ile

Leu

Phe

Lys

Glu

175

Gly

Ala

Glu

Thr

His

255

Asn

Leu

Glu

Gly

Val

335

Leu

Lys

Ser

Ile

Pro

Cys

Ala

Asn

Gln

Ser

80

Thr

Pro

Asn

Leu

Lys

160

Glu

Lys

Leu

Val

Val

240

Cys

Ala

Glu

Asp

Thr

320

Phe

Lys

Gly

Ile

Glu
400

Thr
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-continued

405 410 415
Gln Lys
<210> SEQ ID NO 2
<211> LENGTH: 394
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Glu Asp Pro Gln Gly Asp Ala Ala Gln Lys Thr Asp Thr Ser His His
1 5 10 15

Asp Gln Asp His Pro Thr Phe Asn Lys Ile Thr Pro Asn Leu Ala Glu
20 25 30

Phe Ala Phe Ser Leu Tyr Arg Gln Leu Ala His Gln Ser Asn Ser Thr
35 40 45

Asn Ile Phe Phe Ser Pro Val Ser Ile Ala Thr Ala Phe Ala Met Leu
50 55 60

Ser Leu Gly Thr Lys Ala Asp Thr His Asp Glu Ile Leu Glu Gly Leu
Asn Phe Asn Leu Thr Glu Ile Pro Glu Ala Gln Ile His Glu Gly Phe
85 90 95

Gln Glu Leu Leu Arg Thr Leu Asn Gln Pro Asp Ser Gln Leu Gln Leu
100 105 110

Thr Thr Gly Asn Gly Leu Phe Leu Ser Glu Gly Leu Lys Leu Val Asp
115 120 125

Lys Phe Leu Glu Asp Val Lys Lys Leu Tyr His Ser Glu Ala Phe Thr
130 135 140

Val Asn Phe Gly Asp Thr Glu Glu Ala Lys Lys Gln Ile Asn Asp Tyr
145 150 155 160

Val Glu Lys Gly Thr Gln Gly Lys Ile Val Asp Leu Val Lys Glu Leu
165 170 175

Asp Arg Asp Thr Val Phe Ala Leu Val Asn Tyr Ile Phe Phe Lys Gly
180 185 190

Lys Trp Glu Arg Pro Phe Glu Val Lys Asp Thr Glu Glu Glu Asp Phe
195 200 205

His Val Asp Gln Val Thr Thr Val Lys Val Pro Met Met Lys Arg Leu
210 215 220

Gly Met Phe Asn Ile Gln His Cys Lys Lys Leu Ser Ser Trp Val Leu
225 230 235 240

Leu Met Lys Tyr Leu Gly Asn Ala Thr Ala Ile Phe Phe Leu Pro Asp
245 250 255

Glu Gly Lys Leu Gln His Leu Glu Asn Glu Leu Thr His Asp Ile Ile
260 265 270

Thr Lys Phe Leu Glu Asn Glu Asp Arg Arg Ser Ala Ser Leu His Leu
275 280 285

Pro Lys Leu Ser Ile Thr Gly Thr Tyr Asp Leu Lys Ser Val Leu Gly
290 295 300

Gln Leu Gly Ile Thr Lys Val Phe Ser Asn Gly Ala Asp Leu Ser Gly
305 310 315 320

Val Thr Glu Glu Ala Pro Leu Lys Leu Ser Lys Ala Val His Lys Ala
325 330 335

Val Leu Thr Ile Asp Glu Lys Gly Thr Glu Ala Ala Gly Ala Met Phe
340 345 350

Leu Glu Ala Ile Pro Met Ser Ile Pro Pro Glu Val Lys Phe Asn Lys
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355 360 365

Pro Phe Val Phe Leu Met Ile Glu Gln Asn Thr Lys Ser Pro Leu Phe
370 375 380

Met Gly Lys Val Val Asn Pro Thr Gln Lys
385 390

<210> SEQ ID NO 3

<211> LENGTH: 418

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Pro Ser Ser Val Ser Trp Gly Ile Leu Leu Leu Ala Gly Leu Cys
1 5 10 15

Cys Leu Val Pro Val Ser Leu Ala Glu Asp Pro Gln Gly Asp Ala Ala
20 25 30

Gln Lys Thr Asp Thr Ser His His Asp Gln Asp His Pro Thr Phe Asn
35 40 45

Lys Ile Thr Pro Asn Leu Ala Glu Phe Ala Phe Ser Leu Tyr Arg Gln
50 55 60

Leu Ala His Gln Ser Asn Ser Thr Asn Ile Phe Phe Ser Pro Val Ser
65 70 75 80

Ile Ala Thr Ala Phe Ala Met Leu Ser Leu Gly Thr Lys Ala Asp Thr
85 90 95

His Asp Glu Ile Leu Glu Gly Leu Asn Phe Asn Leu Thr Glu Ile Pro
100 105 110

Glu Ala Gln Ile His Glu Gly Phe Gln Glu Leu Leu Arg Thr Leu Asn
115 120 125

Gln Pro Asp Ser Gln Leu Gln Leu Thr Thr Gly Asn Gly Leu Phe Leu
130 135 140

Ser Glu Gly Leu Lys Leu Val Asp Lys Phe Leu Glu Asp Val Lys Lys
145 150 155 160

Leu Tyr His Ser Glu Ala Phe Thr Val Asn Phe Gly Asp Thr Glu Glu
165 170 175

Ala Lys Lys Gln Ile Asn Asp Tyr Val Glu Lys Gly Thr Gln Gly Lys
180 185 190

Ile Val Asp Leu Val Lys Glu Leu Asp Arg Asp Thr Val Phe Ala Leu
195 200 205

Val Asn Tyr Ile Phe Phe Lys Gly Lys Trp Glu Arg Pro Phe Glu Val
210 215 220

Lys Asp Thr Glu Glu Glu Asp Phe His Val Asp Gln Val Thr Thr Val
225 230 235 240

Lys Val Pro Met Met Lys Arg Leu Gly Met Phe Asn Ile Gln His Cys
245 250 255

Lys Lys Leu Ser Ser Trp Val Leu Leu Met Lys Tyr Leu Gly Asn Ala
260 265 270

Thr Ala Ile Phe Phe Leu Pro Asp Glu Gly Lys Leu Gln His Leu Glu
275 280 285

Asn Glu Leu Thr His Asp Ile Ile Thr Lys Phe Leu Glu Asn Glu Asp
290 295 300

Arg Arg Ser Ala Ser Leu His Leu Pro Lys Leu Ser Ile Thr Gly Thr
305 310 315 320

Tyr Asp Leu Lys Ser Val Leu Gly Gln Leu Gly Ile Thr Lys Val Phe
325 330 335
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46

Ser Asn Gly Ala Asp Leu Ser Gly
340

Leu Ser Lys Ala Val His Lys Ala
355 360

Thr Glu Ala Ala Gly Ala Met Phe
370 375

Pro Pro Glu Val Lys Phe Asn Lys
385 390

Gln Asn Thr Lys Ser Pro Leu Phe
405

Gln Lys

<210> SEQ ID NO 4

<211> LENGTH: 394

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Glu Asp Pro Gln Gly Asp Ala Ala
1 5

Asp Gln Asp His Pro Thr Phe Asn
20

Phe Ala Phe Ser Leu Tyr Arg Gln
35 40

Asn Ile Phe Phe Ser Pro Val Ser
Ser Leu Gly Thr Lys Ala Asp Thr
65 70

Asn Phe Asn Leu Thr Glu Ile Pro
85

Gln Glu Leu Leu Arg Thr Leu Asn
100

Thr Thr Gly Asn Gly Leu Phe Leu
115 120

Lys Phe Leu Glu Asp Val Lys Lys
130 135

Val Asn Phe Gly Asp Thr Glu Glu
145 150

Val Glu Lys Gly Thr Gln Gly Lys
165

Asp Arg Asp Thr Val Phe Ala Leu
180

Lys Trp Glu Arg Pro Phe Glu Val
195 200

His Val Asp Gln Val Thr Thr Val
210 215

Gly Met Phe Asn Ile Gln His Cys
225 230

Leu Met Lys Tyr Leu Gly Asn Ala
245

Glu Gly Lys Leu Gln His Leu Glu
260

Thr Lys Phe Leu Glu Asn Glu Asp
275 280

Val

345

Val

Leu

Pro

Met

Gln

Lys

25

Leu

Ile

His

Glu

Gln

105

Ser

Leu

Ala

Ile

Val

185

Lys

Lys

Lys

Thr

Asn
265

Arg

Thr

Leu

Glu

Phe

Gly
410

Lys

10

Ile

Ala

Ala

Asp

Ala

90

Pro

Glu

Tyr

Lys

Val

170

Asn

Asp

Val

Lys

Ala
250

Glu

Arg

Glu

Thr

Ala

Val

395

Lys

Thr

Thr

His

Thr

Glu

75

Gln

Asp

Gly

His

Lys

155

Asp

Tyr

Thr

Pro

Leu
235
Ile

Leu

Ser

Glu

Ile

Ile

380

Phe

Val

Asp

Pro

Gln

Ala

60

Ile

Ile

Ser

Leu

Ser

140

Gln

Leu

Ile

Glu

Met

220

Ser

Phe

Thr

Ala

Ala

Asp

365

Pro

Leu

Val

Thr

Asn

Ser

45

Phe

Leu

His

Gln

Lys

125

Glu

Ile

Val

Phe

Glu

205

Met

Ser

Phe

His

Ser
285

Pro

350

Lys

Met

Met

Asn

Ser

Leu

30

Asn

Ala

Glu

Glu

Leu

110

Leu

Ala

Asn

Lys

Phe

190

Glu

Lys

Trp

Leu

Asp
270

Leu

Leu

Lys

Ser

Ile

Pro
415

His

15

Ala

Ser

Met

Gly

Gly

95

Gln

Val

Phe

Asp

Glu

175

Lys

Asp

Arg

Val

Pro
255

Ile

His

Lys

Gly

Ile

Glu

400

Thr

His

Glu

Thr

Leu

Leu

80

Phe

Leu

Asp

Thr

Tyr

160

Leu

Gly

Phe

Leu

Leu
240
Asp

Ile

Leu
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Pro Lys Leu
290

Gln Leu Gly
305

Val Thr Glu

Val Leu Thr

Leu Glu Ala

355

Pro Phe Val
370

Met Gly Lys
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Ile Thr Gly Thr

295

Ile Thr Lys Val Phe
310

Glu Ala Pro Leu Lys

325

Ile Asp Lys Lys Gly

340

Ile Pro Met Ser Ile

360

Phe Leu Met Ile Glu

375

Val Val Asn Pro Thr
390

D NO 5
H: 1257
RNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

augccgucuu

gucucccugyg

gaucaggauc

cuauvaccgcc

aucgcuacag

cuggagggcc

caggaacucc

ggccuguuce

uuguaccacu

aucaacgauu

gacagagaca

cccuuugaag

aaggugccua

agcugggugc

gaggggaaac

gaaaaugaag

uaugaucuga

gaccucuccyg

gugcugacca

cccaugucua

caaaauacca

<210> SEQ I

<211> LENGT.
<212> TYPE:

cugucucgug

cugaggaucc

acccaaccuu

agcuggcaca

ccuuugcaau

ugaauuucaa

uccguacccu

ucagcgaggg

cagaagccuu

acguggagaa

caguuuuugce

ucaaggacac

ugaugaagcg

ugcugaugaa

uacagcaccu

acagaagguc

agagcguccu

gggucacaga

ucgacgagaa

ucccccccga

agucuccccu

D NO 6

H: 3220
RNA

gggcauccuc

ccagggagau

caacaagauc

ccaguccaac

geucucccug

ccucacggag

caaccagcca

ccugaagcua

cacugucaac

ggguacucaa

ucuggugaau

c¢gaggaagag

uuuaggcaug

auvaccuggge

ggaaaaugaa

ugccagcuua

gggucaacug

ggaggcacce

agggacugaa

ggucaaguuc

cuucauggga

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Tyr

Ser

Leu

Thr

345

Pro

Gln

Gln

Asp

Asn

Ser

330

Glu

Pro

Asn

Lys

Leu

Gly

315

Lys

Ala

Glu

Thr

cugcuggcag

geugcccaga

accecccecaacce

agcaccaaua

gggaccaagg

auuccggagyg

gacagccage

guggauaagu

uucggggaca

gggaaaauug

uacaucuucu

gacuuccacyg

uuuaacaucce

aaugccaccg

cucacccacg

cauuuaccca

ggcaucacua

cugaagcucu

geugceugggy

aacaaacccu

aaagugguga

Lys Ser Val
300

Ala Asp Leu

Ala Val His

Ala Gly Ala

350

Val Lys Phe
365

Lys Ser Pro
380

gecugugeug
agacagauac
uggcugaguu
ucuucuucuc
cugacacuca
cucagaucca
uccagcugac
uuuuggagga
ccgaagagge
uggauuuggu
uuaaaggcaa
uggaccaggu
agcacuguaa
ccaucuucuu
auvaucaucac
aacuguccau
aggucuucag
ccaaggccegu
ccauguuuuu
uugucuucuu

aucccaccca

Leu Gly
Ser Gly
320

Lys Ala
335

Met Phe

Asn Lys

Leu Phe

ccuggucccu
aucccaccau
cgccuucage
cccagugage
cgaugaaauc
ugaaggcuuc
caccggcaau
uguuaaaaag
caagaaacag
caaggagcuu
augggagaga
gaccaccgug
gaagcugucc
ccugccugau
caaguuccug
uacuggaacc
caauggggcu
gcauaaggcu
agaggccaua
aaugauugaa

aaaauaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1257
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acaaugacuc cuuucgguaa gugcagugga agcuguacac ugcccaggca aagcguccgg 60
gcagcguagg cgggcgacuc agaucccagce caguggacuu agccccuguu ugcuccuccg 120
auvaacugggg ugaccuuggu uaauauucac cagcagccuc ccccguugcec ccucuggauc 180
cacugcuuaa auacggacga ggacagggcc cugucuccuc agcuucaggc accaccacug 240
accugggaca gugaaucgac aaugccgucu ucugucucgu ggggcauccu ccugcuggca 300
ggccugugcu gccuggucce ugucucccug gcugaggauc cccagggaga ugcugcccag 360
aagacagaua caucccacca ugaucaggau cacccaaccu ucaacaagau cacccccaac 420
cuggcugagu ucgccuucag ccuauaccgce cagcuggcac accaguccaa cagcaccaau 480
aucuucuucu ccccagugag caucgcuaca gccuuugcaa ugcucucccu ggggaccaag 540
gcugacacuc acgaugaaau ccuggagggc cugaauuuca accucacgga gauuccggag 600
gcucagaucc augaaggcuu ccaggaacuc cuccguaccc ucaaccagcc agacagccag 660
cuccagcuga ccaccggcaa uggccuguuc cucagcgagg gccugaagcu aguggauaag 720
uuuuuggagg auguuaaaaa guuguaccac ucagaagccu ucacugucaa cuucggggac 780
accgaagagg ccaagaaaca gaucaacgau uacguggaga aggguacuca agggaaaauu 840
guggauuugg ucaaggagcu ugacagagac acaguuuuug cucuggugaa uuacaucuuc 900
uuuaaaggca aaugggagag acccuuugaa gucaaggaca ccgaggaaga ggacuuccac 960
guggaccagg ugaccaccgu gaaggugccu augaugaagce guuuaggcau guuuaacauc 1020
cagcacugua agaagcuguc cagcugggug cugcugauga aauaccuggg caaugccacce 1080
gccaucuucu uccugccuga ugaggggaaa cuacagcacc uggaaaauga acucacccac 1140
gauaucauca ccaaguuccu ggaaaaugaa gacagaaggu cugccagcuu acauuuaccc 1200
aaacugucca uuacuggaac cuaugaucug aagagcgucc ugggucaacu gggcaucacu 1260
aaggucuuca gcaauggggc ugaccucucc ggggucacag aggaggcacc ccugaagcuc 1320
uccaaggcceg ugcauaaggc ugugcugacc aucgacgaga aagggacuga agcugcuggg 1380
gccauguuuu uagaggccau acccaugucu aucccccccg aggucaaguu caacaaaccc 1440
uuugucuucu uaaugauuga acaaaauacc aagucucccc ucuucauggg aaaaguggug 1500
aaucccaccc aaaaauvaacu gccucucgcu ccucaacccc uccccuccau cccuggcccce 1560
cucccuggau gacauuaaag aaggguugag cuggucccug ccugcaugug acuguaaauc 1620
ccucccaugu uuucucugag ucucccuuug ccugcugagg cuguaugugg gcuccaggua 1680
acagugcugu cuucgggccc ccugaacugu guucauggag caucuggcug gguaggcaca 1740
ugcugggcuu gaauccaggg gggacugaau ccucagcuua cggaccuggg cccaucuguu 1800
ucuggaggge uccagucuuc cuuguccugu cuuggagucc ccaagaagga aucacagggg 1860
aggaaccaga uaccagccau gaccccagge uccaccaagc aucuucaugu cccccugcuc 1920
aucccccacu ceccceccace cagaguugcu cauccugceca gggcuggceug ugcoccaccece 1980
aaggcugccc uccuggggge cccagaacug ccugaucgug ccoguggaecca guuuuguggce 2040
aucugcagca acacaagaga gaggacaaug uccuccucuu gacccgcugu caccuaacca 2100
gacucgggcece cugcaccucu caggcacuuc uggaaaauga cugaggcaga uucuuccuga 2160
agcccauucu ccauggggca acaaggacac cuauucuguc cuuguccuuc caucgcugcec 2220
ccagaaagcc ucacauaucu ccguuuagaa ucaggucccu ucuccccaga ugaagaggag 2280
ggucucugcu uuguuuucuc uaucuccucc ucagacuuga ccaggcccag caggccccag 2340
aagaccauua cccuauaucc cuucuccucc cuagucacau ggccauaggc cugcugaugg 2400
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cucaggaagg ccauugcaag gacuccucag cuaugggaga ggaagcacau cacccauuga 2460
ceecegeaac cccucccuuu ccuccucuga gucccgacug gggcecacaug cagcecugacu 2520
ucuuugugee uguugcuguc ccugcagucu ucagagggcec accgcagcouc cagugccacg 2580
gcaggaggcu guuccugaau agccccugug guaagggceca ggagaguccu uccauccucce 2640
aaggcccuge uaaaggacac agcagccagg aaguccccug ggcecccuage ugaaggacag 2700
ccugcoucccu ccgucucuac caggaaugge cuuguccuau ggaaggcacu gccccaucce 2760
aaacuaaucu aggaaucacu gucuaaccac ucacugucau gaauguguac uuaaaggaug 2820
agguugaguc auaccaaaua gugauuucga uaguucaaaa uggugaaauu agcaauucua 2880
caugauucag ucuaaucaau ggauaccgac uguuucccac acaagucucc uguucucuua 2940
agcuuacuca cugacagccu uucacucucc acaaauacau uaaagauaug gccaucacca 3000
agcceecuag gaugacacca gaccugagag ucugaagacce uggauccaag uucugacuuu 3060
ucccccugac agcuguguga ccuucgugaa gucgccaaac cucucugagce cccagucauu 3120
gcuaguaaga ccugccuuug aguugguaug auguucaagu uagauaacaa aauguuuaua 3180
cccauuagaa cagagaauaa auagaacuac auuucuugca 3220
<210> SEQ ID NO 7
<211> LENGTH: 3513
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 7
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagceu gaaccaagaa ggaggagggg gucgggecuc cgaggaaggce cuagccgceug 120
cugcugcecag gaauuccagg uuggaggggce ggcaaccucce ugccagcocuu caggcecacuc 180
uccugugcecu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaagggceyg 240
gcaguaaguc uucagcauca ggcauuuugg ggugacucag uaaaugguag aucuugcuac 300
caguggaaca gccacuaagg auucugcagu gagagcagag ggccagcuaa gugguacucu 360
cccagagacu gucugacuca Cgccaccccece uccaccuugg acacaggacyg cugugguuuc 420
ugagccaggu acaaugacuc cuuucgcagce cucccecguu gecccucugg auccacugeu 480
uaaauvacgga cgaggacagg gcccugucuc cucagcuuca ggcaccacca cugaccuggg 540
acagugaauc gacaaugccg ucuucugucu cguggggcau ccuccugeuyg gcaggecugu 600
gougccuggu cccugucuce cuggcugagg auccccaggg agaugceugec cagaagacag 660
auacauccca ccaugaucag gaucacccaa ccuucaacaa gaucacccecece aaccuggcug 720
aguucgccuu cagccuauac cgccageugg cacaccaguc caacagcacce aauvaucuucu 780
ucuccccagu gagcaucgcu acagecuuug caaugcucuc ccuggggacce aaggcugaca 840
cucacgauga aauccuggag ggccugaauu ucaaccucac ggagauuccyg gaggcucaga 900
uccaugaagg cuuccaggaa cuccuccgua cccucaacca gecagacagce cagcuccagce 960
ugaccaccgyg caauggccug uuccucagceg agggccugaa gcuaguggau aaguuuuugg 1020
aggauguuaa aaaguuguac cacucagaag ccuucacugu caacuucggyg gacaccgaag 1080
aggccaagaa acagaucaac gauuacgugg agaaggguac ucaagggaaa auuguggauu 1140
uggucaagga gcuugacaga gacacaguuu uugcucuggu gaauuacauc uucuuuaaag 1200
gcaaauggga gagacccuuu gaagucaagg acaccgagga agaggacuuc cacguggacce 1260
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aggugaccac cgugaaggug ccuaugauga agcguuuagg cauguuuaac auccagcacu 1320
guaagaagcu guccagcugg gugcugcuga ugaaauaccu gggcaaugcec accgccaucu 1380
ucuuccugee ugaugagggg aaacuacagc accuggaaaa ugaacucacc cacgauauca 1440
ucaccaaguu ccuggaaaau gaagacagaa ggucugccag cuuacauuua cccaaacugu 1500
ccauuacugg aaccuaugau cugaagagcg uccuggguca acugggcauc acuaaggucu 1560
ucagcaaugg ggcugaccuc uccgggguca cagaggaggc accccugaag cucuccaagg 1620
cecgugcauaa ggcugugcug accaucgacg agaaagggac ugaagcugceu ggggecaugu 1680
uuuuagagge cauacccaug ucuauccccece ccgaggucaa guucaacaaa cccuuugucu 1740
ucuuaaugau ugaacaaaau accaagucuc cccucuucau gggaaaagug gugaauccca 1800
cccaaaaaua acugccucuc gcuccucaac cecuccccuc caucccugge ccccucccug 1860
gaugacauua aagaaggguu gagcuggucc cugccugcau gugacuguaa aucccuccca 1920
uguuuucucu gagucucccu uugcecugeug aggcuguaug ugggcuccag guaacagugce 1980
ugucuucggyg cccccugaac uguguucaug gagcaucugg cuggguaggce acaugcuggyg 2040
cuugaaucca ggggggacug aauccucagce uuacggaccu gggceccaucu guuucuggag 2100
ggcuccaguc uuccuugucce ugucuuggag uccccaagaa ggaaucacag gggaggaacce 2160
agauaccagce caugacccca ggcuccacca agcaucuuca ugucccccug cucaucccce 2220
acucccccee acccagaguu gocucauccug ccagggcougg cugugceccac cccaaggcug 2280
cccuccuggg ggccccagaa cugccugauc gugecgugge ccaguuuugu ggcaucugca 2340
gcaacacaag agagaggaca auguccuccu cuugacccge ugucaccuaa ccagacucgg 2400
geecugcace ucucaggcac uucuggaaaa ugacugaggc agauucuucc ugaagcccau 2460
ucuccauggyg gcaacaagga caccuauucu guccuugucc uuccaucgcu gecccagaaa 2520
gecucacaua ucuccguuua gaaucagguc ccuucuccce agaugaagag gagggucucu 2580
gcuuuguuuu cucuaucuce uccucagacu ugaccaggcc cagcaggcecc cagaagacca 2640
uuacccuaua ucccuucuce ucccuaguca cauggccaua ggccugcuga uggcucagga 2700
aggccauuge aaggacuccu cagcuauggg agaggaagca caucacccau ugacccccge 2760
aaccecuccee uuuccuccuc ugagucccga cuggggcecac augcagcocug acuucuuugu 2820
geocuguugeu gucccugcag ucuucagagg gccaccgcag cuccagugcec acggcaggag 2880
gouguuccuyg aauagccccu gugguaaggg ccaggagagu ccuuccaucc uccaaggecce 2940
ugcuaaagga cacagcagcce aggaaguccce cugggcocccu agcugaagga cagcecugeuc 3000
ccuccgucuce uaccaggaau ggccuugucce uauggaagge acugccccau cccaaacuaa 3060
ucuaggaauc acugucuaac cacucacugu caugaaugug uacuuaaagg augagguuga 3120
gucauaccaa auagugauuu cgauaguuca aaauggugaa auuagcaauu cuacaugauu 3180
cagucuaauc aauggauacc gacuguuucc cacacaaguc uccuguucuc uuaagcuuac 3240
ucacugacag ccuuucacuc uccacaaaua cauuaaagau auggccauca ccaagcccce 3300
uaggaugaca ccagaccuga gagucugaag accuggaucc aaguucugac uuuucccccu 3360
gacagcugug ugaccuucgu gaagucgcca aaccucucug agccccaguc auugcuagua 3420
agaccugccu uugaguuggu augauguuca aguuagauaa caaaauguuu auvacccauua 3480
gaacagagaa uaaauagaac uacauuucuu gca 3513

<210> SEQ ID NO 8
<211> LENGTH: 3236



55

US 9,226,976 B2

-continued
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 8
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagcu gaaccaagaa ggaggagggyg gucgggccuc cgaggaaggce cuagecgeug 120
cugcugcecag gaauuccagg uuggagggge ggcaaccucce ugccagecuu caggcecacuc 180
uccugugccu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaaggugg 240
gacauugcug cugcugcuca cucaguucca caggacaaug ccgucuucug ucucgugggyg 300
cauccuccug cuggcaggoe ugugcugecu ggucccuguce ucccuggeug aggauccceca 360
gggagaugcu gcccagaaga cagauacauc ccaccaugau caggaucacc caaccuucaa 420
caagaucacc cccaaccugg cugaguucge cuucagecua uaccgecage uggcacacca 480
guccaacagc accaauaucu ucuucuccce agugagcauc gcuacagccu uugcaaugeu 540
cucccugggyg accaaggcug acacucacga ugaaauccug gagggecuga auuucaaccu 600
cacggagauu ccggaggcuc agauccauga aggcuuccag gaacuccucce guacccucaa 660
ccagccagac agccagoucce agcugaccac cggcaaugge cuguuccuca gegagggecu 720
gaagcuagug gauaaguuuu uggaggaugu uaaaaaguug uaccacucag aagccuucac 780
ugucaacuuc ggggacaccg aagaggccaa gaaacagauc aacgauuacyg uggagaaggg 840
uacucaaggg aaaauugugg auuuggucaa ggagcuugac agagacacag uuuuugcucu 900
ggugaauuac aucuucuuua aaggcaaaug ggagagaccc uuugaaguca aggacaccga 960
ggaagaggac uuccacgugg accaggugac caccgugaag gugccuauga ugaagcguuu 1020
aggcauguuu aacauccagce acuguaagaa gcuguccage ugggugcuge ugaugaaaua 1080
ccugggcaau gccaccgeca ucuucuuccu gocugaugag gggaaacuac agcaccugga 1140
aaaugaacuc acccacgaua ucaucaccaa guuccuggaa aaugaagaca gaaggucugce 1200
cagcuuacau uuacccaaac uguccauuac uggaaccuau gaucugaaga gceguccuggg 1260
ucaacuggge aucacuaagg ucuucagcaa uggggcugac cucuccgggyg ucacagagga 1320
ggcaccecug aagcucucca aggccgugea uaaggcugug cugaccaucyg acgagaaagg 1380
gacugaagcu gcuggggcca uguuuuuaga ggccauacce augucuaucc cccccgaggu 1440
caaguucaac aaacccuuug ucuucuuaau gauugaacaa aauaccaagu cuccccucuu 1500
caugggaaaa guggugaauc ccacccaaaa auaacugccu Cucgcuccuc aaccccuccce 1560
cuccaucccu ggccoccuce cuggaugaca uuaaagaagg guugagceugg ucccugcecug 1620
caugugacug uaaaucccuc ccauguuuuc ucugagucuc ccuuugecug cugaggeugu 1680
augugggcuc cagguaacag ugcugucuuc gggccccecug aacuguguuc auggagcauc 1740
uggcugggua ggcacaugcu gggcuugaau ccagggggga cugaauccuc agecuuacgga 1800
ccugggecca ucuguuucug gagggcucca gucuuccuug uccugucuug gaguccccaa 1860
gaaggaauca caggggagga accagauacc agccaugacc ccaggcucca ccaagcaucu 1920
ucauguccee cugcucaucc cccacuccce cccacccaga guugcucauc cugecaggge 1980
uggcugugee caccccaagg cugcccuccu gggggeocca gaacugecug aucgugecgu 2040
ggcccaguuu uguggcaucu gcagcaacac aagagagagg acaauguccu ccucuugacc 2100
cgcugucacce uaaccagacu cgggcocuge accucucagg cacuucugga aaaugacuga 2160
ggcagauucu uccugaagcc cauucuccau ggggcaacaa ggacaccuau ucuguccuug 2220
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uccuuccauc geugcecccag aaagccucac auaucuccgu uuagaaucag gucccuucuc 2280
cccagaugaa gaggaggguc ucugcuuugu uuucucuauc uccuccucag acuugaccag 2340
geccagecagg ccccagaaga ccauuacccu auaucccuuc uccucccuag ucacauggec 2400
auvaggccuge ugauggcuca ggaaggccau ugcaaggacu ccucagcuau gggagaggaa 2460
gcacaucace cauugacccc c¢gcaaccccu cccuuuccue cucugagucce cgacugggge 2520
cacaugcagc cugacuucuu ugugccuguu gcugucccug cagucuucag agggcecacceg 2580
cagcuccagu gccacggcag gaggcuguuc cugaauagec ccugugguaa gggccaggag 2640
aguccuucca uccuccaagg cccugcuaaa ggacacagea gecaggaagu ccccugggec 2700
ccuagcugaa ggacagcocug cucccuccgu cucuaccagg aauggecuug uccuauggaa 2760
ggcacugcee caucccaaac uaaucuagga aucacugucu aaccacucac ugucaugaau 2820
guguacuuaa aggaugaggu ugagucauac caaauaguga uuucgauagu ucaaaauggu 2880
gaaauuagca auucuacaug auucagucua aucaauggau accgacuguu ucccacacaa 2940
gucuccuguu cucuuaagcu uacucacuga cagccuuuca cucuccacaa auacauuaaa 3000
gauauggcca ucaccaagcc cccuaggaug acaccagacc ugagagucug aagaccugga 3060
uccaaguucu gacuuuuccc ccugacagcu gugugaccuu cgugaagucyg ccaaaccucu 3120
cugagccecca gucauugcua guaagaccug ccuuugaguu gguaugaugu ucaaguuaga 3180
uaacaaaaug uuuauvaccca uuagaacaga gaauaaauag aacuacauuu cuugca 3236
<210> SEQ ID NO 9
<211> LENGTH: 3532
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 9
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagcu gaaccaagaa ggaggagggyg gucgggccuc cgaggaaggce cuagecgeug 120
cugcugcecag gaauuccagg uuggagggge ggcaaccucce ugccagecuu caggcecacuc 180
uccugugccu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaaggugg 240
gacauugcug cugcugcuca cucaguucca cagggceggca guaagucuuc agcaucaggc 300
auuuuggggu gacucaguaa augguagauc uugcuaccag uggaacagece acuaaggauu 360
cugcagugag agcagaggge cagcuaagug guacucuccece agagacuguc ugacucacgce 420
cacceocuce accuuggaca caggacgeug ugguuucuga gecageagee ucccccguug 480
ccecoucugga uccacugcuu aaauacggac gaggacaggg cccugucuce ucagcuucag 540
gecaccaccac ugaccuggga cagugaaucyg acaaugccgu cuucugucuc guggggeauc 600
cuccugcugyg caggccugug cugocugguce ccugucucece uggeugagga uccccaggga 660
gaugcugcee agaagacaga uacaucccac caugaucagg aucacccaac cuucaacaag 720
aucaccccca accuggcuga guucgocuuce agecuauace gecageugge acaccagucce 780
aacagcacca auaucuucuu cuccccagug agcaucgcua cagecuuuge aaugcucucce 840
cuggggacca aggcugacac ucacgaugaa auccuggagg gecugaauuu caaccucacg 900
gagauuccgg aggcucagau ccaugaaggc uuccaggaac uccuccguac ccucaaccag 960
ccagacagcc agcuccagou gaccaccgge aauggocugu uccucagega gggccugaag 1020
cuaguggaua aguuuuugga ggauguuaaa aaguuguacc acucagaagce cuucacuguc 1080
aacuucgggyg acaccgaaga ggccaagaaa cagaucaacg auuacgugga gaaggguacu 1140
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caagggaaaa uuguggauuu ggucaaggag cuugacagag acacaguuuu ugcucuggug 1200
aauuvacaucu ucuuuaaagg caaaugggag agacccuuug aagucaagga caccgaggaa 1260
gaggacuucc acguggacca ggugaccacc gugaaggugc cuaugaugaa gcguuuaggce 1320
auguuuaaca uccagcacug uaagaagcug uccagcuggg ugcugcugau gaaauaccug 1380
ggcaaugcca ccgccaucuu cuuccugccu gaugagggga aacuacagca ccuggaaaau 1440
gaacucaccc acgauaucau caccaaguuc cuggaaaaug aagacagaag gucugccagc 1500
uuacauuuac ccaaacuguc cauuacugga accuaugauc ugaagagcgu ccugggucaa 1560
cugggcauca cuaaggucuu cagcaauggg gcugaccucu ccggggucac agaggaggca 1620
cceccugaagce ucuccaaggce cgugcauaag gcugugcuga ccaucgacga gaaagggacu 1680
gaagcugcug gggccauguu uuuagaggcoc auacccaugu cuaucccccc cgaggucaag 1740
uucaacaaac ccuuugucuu cuuaaugauu gaacaaaaua ccaagucucc ccucuucaug 1800
ggaaaagugg ugaaucccac ccaaaaauaa cugccucucg cuccucaacc ccuccccucc 1860
aucccuggcc cccucccugg augacauuaa agaaggguug agcugguccce ugcecugcaug 1920
ugacuguaaa ucccucccau guuuucucug agucucccuu ugccugcuga ggcuguaugu 1980
gggcuccagg uaacagugcu gucuucgggc ccccugaacu guguucaugg agcaucuggce 2040
uggguaggca caugcugggce uugaauccag gggggacuga auccucagcu uacggaccug 2100
ggcccaucug uuucuggagg gcuccagucu uccuuguccu gucuuggagu ccccaagaag 2160
gaaucacagg ggaggaacca gauaccagcc augaccccag gcuccaccaa gcaucuucau 2220
guccccouge ucauccecca cuccccecca cccagaguug cucauccuge cagggougge 2280
ugugcccace ccaaggcuge ccuccugggg gecccagaac ugccugaucg ugcceguggec 2340
caguuuugug gcaucugcag caacacaaga gagaggacaa uguccuccuc uugacccgcu 2400
gucaccuaac cagacucggg cccugcaccu cucaggcacu ucuggaaaau gacugaggca 2460
gauucuuccu gaagcccauu cuccaugggg caacaaggac accuauucug uccuuguccu 2520
uccaucgcug ccccagaaag ccucacauau cuccguuuag aaucaggucc cuucucccca 2580
gaugaagagg agggucucug cuuuguuuuc ucuaucuccu ccucagacuu gaccaggcecc 2640
agcaggcccc agaagaccau uacccuauau cccuucuccu cccuagucac auggccauag 2700
gccugcugau ggcucaggaa ggccauugca aggacuccuc agcuauggga gaggaagcac 2760
aucacccauu gacccccgca accccucccu uuccuccucu gagucccgac uggggcecaca 2820
ugcagccuga cuucuuugug ccuguugcug ucccugcagu cuucagaggg ccaccgcagce 2880
uccagugcca cggcaggagg cuguuccuga auagccccug ugguaagggce caggagaguc 2940
cuuccauccu ccaaggcccu gcuaaaggac acagcagcca ggaagucccce ugggecccua 3000
gcugaaggac agccugcucce cuccgucucu accaggaaug gceccuuguccu auggaaggca 3060
cugccccauc ccaaacuaau cuaggaauca cugucuaacc acucacuguc augaaugugu 3120
acuuaaagga ugagguugag ucauaccaaa uagugauuuc gauaguucaa aauggugaaa 3180
uuagcaauuc uacaugauuc agucuaauca auggauaccg acuguuuccc acacaagucu 3240
ccuguucucu uaagcuuacu cacugacagc cuuucacucu ccacaaauac auuaaagaua 3300
uggccaucac caagcccccu aggaugacac cagaccugag agucugaaga ccuggaucca 3360
aguucugacu uuucccccug acagcugugu gaccuucgug aagucgccaa accucucuga 3420
gccccaguca uugcuaguaa gaccugccuu ugaguuggua ugauguucaa guuagauaac 3480
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aaaauguuua uacccauuag aacagagaau aaauagaacu acauuucuug ca 3532
<210> SEQ ID NO 10
<211> LENGTH: 3340
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagcu gaaccaagaa ggaggagggyg gucgggccuc cgaggaaggce cuagecgeug 120
cugcugcecag gaauuccagg uuggagggge ggcaaccucce ugccagecuu caggcecacuc 180
uccugugccu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaaggugg 240
gacauugcug cugcugcuca cucaguucca cagcagccuc cccceguugec ccucuggauc 300
cacugcuuaa auacggacga ggacagggcece cugucuccuc agcuucagge accaccacug 360
accugggaca gugaaucgac aaugccgucu ucugucucgu ggggcauccu ccugceuggcea 420
ggccugugeu gecuggucee ugucucccug gcugaggauc cccagggaga ugeugeccag 480
aagacagaua caucccacca ugaucaggau cacccaaccu ucaacaagau cacccccaac 540
cuggcugagu ucgccuucag ccuauaccge cagcuggceac accaguccaa cagcaccaau 600
aucuucuucu ccccagugag caucgcuaca gccuuugcaa ugcucuccecu ggggaccaag 660
geugacacuc acgaugaaau ccuggaggge cugaauuuca accucacgga gauuccggag 720
geucagauce augaaggcuu ccaggaacuc cuccguacce ucaaccagec agacagecag 780
cuccagcuga ccaccggcaa uggccuguuce cucagegagg gecugaageu aguggauaag 840
uuuuuggagg auguuaaaaa guuguaccac ucagaagccu ucacugucaa cuucggggac 900
accgaagagg ccaagaaaca gaucaacgau uacguggaga aggguacuca agggaaaauu 960
guggauuugg ucaaggagcu ugacagagac acaguuuuug cucuggugaa uuacaucuuc 1020
uuuaaaggca aaugggagag acccuuugaa gucaaggaca ccgaggaaga ggacuuccac 1080
guggaccagg ugaccaccgu gaaggugccu augaugaagce guuuaggcau guuuaacauc 1140
cagcacugua agaagcuguc cagcugggug cugcugauga aauaccuggg caaugcecace 1200
gccaucuucu uccugccuga ugaggggaaa cuacagcacc uggaaaauga acucacccac 1260
gauaucauca ccaaguuccu ggaaaaugaa gacagaaggu cugccagcuu acauuuacec 1320
aaacugucca uuacuggaac cuaugaucug aagagcgucce ugggucaacu gggcaucacu 1380
aaggucuuca gcaauggggce ugaccucucce ggggucacag aggaggcace ccugaagcuc 1440
uccaaggcceg ugcauvaaggc ugugcugacce aucgacgaga aagggacuga ageugcuggg 1500
gccauguuuu uagaggccau acccaugucu aucccccceg aggucaaguu caacaaacec 1560
uuugucuucu uvaaugauuga acaaaauacc aagucucccc ucuucauggyg aaaaguggug 1620
aaucccaccc aaaaauaacu gocucucgcu ccucaaccece uccecuccau cececuggecee 1680
cucccuggau gacauuaaag aaggguugag cuggucccug ccugcaugug acuguaaauc 1740
ccucccaugu uuucucugag ucucccuuug ccugeugagg cuguaugugg geuccaggua 1800
acagugcugu cuucgggecoe ccugaacugu guucauggag caucuggeug gguaggcaca 1860
ugcugggcuu gaauccaggg gggacugaau ccucagcuua cggaccuggyg cccaucuguu 1920
ucuggaggge uccagucuuc cuuguccugu cuuggagucce ccaagaagga aucacagggg 1980
aggaaccaga uaccagccau gaccccagge uccaccaage aucuucaugu cccccugeuc 2040
aucccccacu cccceecace cagaguugceu cauccugeca gggeuggeug ugeccacceece 2100
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aaggcugccee uccuggggge cccagaacug ccugaucgug ccguggcecca guuuugugge 2160
aucugcagca acacaagaga gaggacaaug uccuccucuu gacccgcugu caccuaacca 2220
gacucgggee cugcaccucu caggcacuuc uggaaaauga cugaggcaga uucuuccuga 2280
agcccauucu ccauggggca acaaggacac cuauucuguc cuuguccuuc caucgcugec 2340
ccagaaagcece ucacauaucu ccguuuagaa ucaggucccu ucuccccaga ugaagaggag 2400
ggucucugcu uuguuuucuc uaucuccucce ucagacuuga ccaggceccag caggccccag 2460
aagaccauua cccuauaucc cuucuccucce cuagucacau ggccauaggce cugcugaugg 2520
cucaggaagg ccauugcaag gacuccucag cuaugggaga ggaagcacau cacccauuga 2580
ceecegeaac cccucccuuu ccuccucuga gucccgacug gggcecacaug cagcecugacu 2640
ucuuugugee uguugcuguc ccugcagucu ucagagggcec accgcagcouc cagugccacg 2700
gcaggaggcu guuccugaau agccccugug guaagggceca ggagaguccu uccauccucce 2760
aaggcccuge uaaaggacac agcagccagg aaguccccug ggcecccuage ugaaggacag 2820
ccugcoucccu ccgucucuac caggaaugge cuuguccuau ggaaggcacu gccccaucce 2880
aaacuaaucu aggaaucacu gucuaaccac ucacugucau gaauguguac uuaaaggaug 2940
agguugaguc auaccaaaua gugauuucga uaguucaaaa uggugaaauu agcaauucua 3000
caugauucag ucuaaucaau ggauaccgac uguuucccac acaagucucc uguucucuua 3060
agcuuacuca cugacagccu uucacucucc acaaauacau uaaagauaug gccaucacca 3120
agcceecuag gaugacacca gaccugagag ucugaagacce uggauccaag uucugacuuu 3180
ucccccugac agcuguguga ccuucgugaa gucgccaaac cucucugagce cccagucauu 3240
gcuaguaaga ccugccuuug aguugguaug auguucaagu uagauaacaa aauguuuaua 3300
cccauuagaa cagagaauaa auagaacuac auuucuugca 3340
<210> SEQ ID NO 11
<211> LENGTH: 3495
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 11
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagceu gaaccaagaa ggaggagggg gucgggecuc cgaggaaggce cuagccgceug 120
cugcugcecag gaauuccagg uuggaggggce ggcaaccucce ugccagcocuu caggcecacuc 180
uccugugcecu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaagggceyg 240
gcaguaaguc uucagcauca ggcauuuugg ggugacucag uaaaugguag aucuugcuac 300
caguggaaca gccacuaagg auucugcagu gagagcagag ggccagcuaa gugguacucu 360
cccagagacu gucugacuca Cgccaccccece uccaccuugg acacaggacyg cugugguuuc 420
ugagccagea gcocucccecg uugcecccucu ggauccacug cuuaaauacg gacgaggaca 480
gggcccugue uccucagcuu caggcaccac cacugaccug ggacagugaa ucgacaaugce 540
cgucuucugu cucgugggge auccuccuge uggcaggcocou gugcugcecug gucccugucu 600
cccouggouga ggaucccecag ggagaugcug cccagaagac agauacaucc caccaugauc 660
aggaucacce aaccuucaac aagaucaccc ccaaccugge ugaguucgece uucagcecuau 720
accgecageu ggcacaccag uccaacagca ccaauaucuu cuucuccceca gugagcaucg 780
cuacagccuu ugcaaugcuc ucccugggga ccaaggcuga cacucacgau gaaauccugg 840
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agggccugaa uuucaaccuc acggagauuc cggaggcuca gauccaugaa ggcuuccagg 900
aacuccuccg uacccucaac cagccagaca gccagcucca gcugaccacce ggcaauggcec 960
uguuccucag cgagggccug aagcuagugg auaaguuuuu ggaggauguu aaaaaguugu 1020
accacucaga agccuucacu gucaacuucg gggacaccga agaggccaag aaacagauca 1080
acgauuacgu ggagaagggu acucaaggga aaauugugga uuuggucaag gagcuugaca 1140
gagacacagu uuuugcucug gugaauuaca ucuucuuuaa aggcaaaugg gagagacccu 1200
uugaagucaa ggacaccgag gaagaggacu uccacgugga ccaggugacc accgugaagg 1260
ugccuaugau gaagcguuua ggcauguuua acauccagca cuguaagaag cuguccagcu 1320
gggugcugcu gaugaaauac cugggcaaug ccaccgccau cuucuuccug ccugaugagg 1380
ggaaacuaca gcaccuggaa aaugaacuca cccacgauau caucaccaag uuccuggaaa 1440
augaagacag aaggucugcc agcuuacauu uacccaaacu guccauuacu ggaaccuaug 1500
aucugaagag cguccugggu caacugggca ucacuaaggu cuucagcaau ggggcugacce 1560
ucuccggggu cacagaggag gcaccccuga agcucuccaa ggccgugcau aaggcugugce 1620
ugaccaucga cgagaaaggg acugaagcug cuggggccau guuuuuagag gccauaccca 1680
ugucuauccce ccccgagguc aaguucaaca aacccuuugu cuucuuaaug auugaacaaa 1740
ayaccaaguc uccccucuuc augggaaaag uggugaaucc cacccaaaaa uaacugccuc 1800
ucgcuccuca accccuccce uccaucccug geccccucce uggaugacau uaaagaaggg 1860
uugagcuggu cccugccuge augugacugu aaaucccucc cauguuuucu cugagucucc 1920
cuuugccuge ugaggcugua ugugggcucc agguaacagu gcugucuucg ggcccccuga 1980
acuguguuca uggagcaucu ggcuggguag gcacaugcug ggcuugaauc caggggggac 2040
ugaauccuca gcuuacggac cugggcccau cuguuucugg agggcuccag ucuuccuugu 2100
ccugucuugg aguccccaag aaggaaucac aggggaggaa ccagauacca gccaugaccce 2160
caggcuccac caagcaucuu cauguccccc ugcucauccc ccacuccccce ccacccagag 2220
uugcucaucce ugccagggcu ggcugugccc accccaagge ugcccuccug ggggcecccag 2280
aacugccuga ucgugccgug gcocccaguuuu guggcaucug cagcaacaca agagagagga 2340
caauguccuc cucuugaccc gcugucaccu aaccagacuc gggcccugca ccucucaggc 2400
acuucuggaa aaugacugag gcagauucuu ccugaagccc auucuccaug gggcaacaag 2460
gacaccuauu cuguccuugu ccuuccaucg cugccccaga aagccucaca uaucuccguu 2520
uagaaucagg ucccuucucc ccagaugaag aggagggucu cugcuuuguu uucucuaucu 2580
ccuccucaga cuugaccagg cccagcagge cccagaagac cauuacccua uaucccuucu 2640
ccucccuagu cacauggcca uaggccugcu gauggcucag gaaggccauu gcaaggacuc 2700
cucagcuaug ggagaggaag cacaucaccc auugaccccc gcaaccccuc ccuuuccucc 2760
ucugagucce gacuggggcece acaugcagcec ugacuucuuu gugccuguug cugucccugce 2820
agucuucaga gggccaccgc agcuccagug ccacggcagg aggcuguucce ugaauagcecc 2880
cugugguaag ggccaggaga guccuuccau ccuccaaggc ccugcuaaag gacacagcag 2940
ccaggaaguc cccugggcece cuagcugaag gacagccuge ucccuccguc ucuaccagga 3000
auggccuugu ccuauggaag gcacugcccc aucccaaacu aaucuaggaa ucacugucua 3060
accacucacu gucaugaaug uguacuuaaa ggaugagguu gagucauacc aaauagugau 3120
uucgauaguu caaaauggug aaauuagcaa uucuacauga uucagucuaa ucaauggaua 3180
ccgacuguuu cccacacaag ucuccuguuc ucuuaagcuu acucacugac agccuuucac 3240
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ucuccacaaa uacauuaaag auauggccau caccaagccce ccuaggauga caccagaccu 3300
gagagucuga agaccuggau ccaaguucug acuuuucccc cugacagcug ugugaccuuc 3360
gugaagucgce caaaccucuc ugagccccag ucauugcuag uaagaccugce cuuugaguug 3420
guaugauguu caaguuagau aacaaaaugu uuauacccau uagaacagag aauaaauaga 3480
acuacauuuc uugca 3495
<210> SEQ ID NO 12
<211> LENGTH: 3492
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 12
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagceu gaaccaagaa ggaggagggg gucgggecuc cgaggaaggce cuagccgceug 120
cugcugcecag gaauuccagg uuggaggggce ggcaaccucce ugccagcocuu caggcecacuc 180
uccugugcecu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaagggceyg 240
gcaguaaguc uucagcauca ggcauuuugg ggugacucag uaaaugguag aucuugcuac 300
caguggaaca gccacuaagg auucugcagu gagagcagag ggccagcuaa gugguacucu 360
cccagagacu gucugacuca Cgccaccccece uccaccuugg acacaggacyg cugugguuuc 420
ugagccagece ucccccguug ccccucugga uccacugcuu aaauvacggac gaggacaggg 480
cecougucuce ucagcuucag gcaccaccac ugaccuggga cagugaaucyg acaaugccgu 540
cuucugucuc guggggcauc cuccugcugg caggcecugug cugcecugguc ccugucucce 600
uggcugagga uccccaggga gaugcugecce agaagacaga uacaucccac caugaucagg 660
aucacccaac cuucaacaag aucaccccca accuggcuga guucgccuuc agccuauace 720
gecagcugge acaccagucce aacagcacca auaucuucuu cuccccagug agcaucgcua 780
cagccuuuge aaugcucucce cuggggacca aggcugacac ucacgaugaa auccuggagg 840
gecugaauuu caaccucacg gagauuccgg aggcucagau ccaugaaggce uuccaggaac 900
uccuccguac ccucaaccag ccagacagcec agcuccagcu gaccaccggce aauggccugu 960
uccucagcega gggecugaag cuaguggaua aguuuuugga ggauguuaaa aaguuguacce 1020
acucagaagc cuucacuguc aacuucgggg acaccgaaga ggccaagaaa cagaucaacg 1080
auuacgugga gaaggguacu caagggaaaa uuguggauuu ggucaaggag cuugacagag 1140
acacaguuuu ugcucuggug aauuacaucu ucuuuaaagg caaaugggag agacccuuug 1200
aagucaagga caccgaggaa gaggacuucc acguggacca ggugaccacce gugaaggugce 1260
cuaugaugaa gcguuuaggc auguuuaaca uccagcacug uaagaagcug uccagcuggg 1320
ugcugcugau gaaauaccug ggcaaugcca ccgccaucuu cuuccugecu gaugagggga 1380
aacuacagca ccuggaaaau gaacucaccc acgauaucau caccaaguuc cuggaaaaug 1440
aagacagaag gucugccagce uuacauuuac ccaaacuguc cauuacugga accuaugauc 1500
ugaagagcgu ccugggucaa cugggcauca cuaaggucuu cagcaauggg gcugaccucu 1560
ceggggucac agaggaggca ccccugaage ucuccaagge cgugcauaag gceugugcuga 1620
ccaucgacga gaaagggacu gaagcugcug gggccauguu uuuagaggece auvacccaugu 1680
cuauccccee cgaggucaag uucaacaaac ccuuugucuu cuuaaugauu gaacaaaaua 1740
ccaagucuce ccucuucaug ggaaaagugg ugaaucccac ccaaaaauaa cugccucucg 1800
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cuccucaace Cccuccccuce aucccuggec cocucccugyg augacauuaa agaaggguug 1860
agcuggucce ugccugcaug ugacuguaaa ucccucccau guuuucucug agucucccuu 1920
ugecugceuga ggcuguaugu gggcuccagg uaacagugcu gucuucgggce ccccugaacu 1980
guguucaugyg agcaucuggce uggguaggca caugcuggge uugaauccag gggggacuga 2040
auccucagceu uacggaccug ggcccaucug uuucuggagg gceuccagucu uccuuguccu 2100
gucuuggagu ccccaagaag gaaucacagg ggaggaacca gauaccagcec augaccccag 2160
gcuccaccaa gcaucuucau gucccccuge ucauccccca cuccccecceca cccagaguug 2220
cucauccuge cagggcougge ugugcccacce ccaaggcuge ccuccugggyg gccccagaac 2280
ugccugaucyg ugccguggece caguuuugug gcaucugcag caacacaaga gagaggacaa 2340
uguccuccuc uugacccgceu gucaccuaac cagacucggg ccecugcaccu cucaggcacu 2400
ucuggaaaau gacugaggca gauucuuccu gaagcccauu cuccaugggg caacaaggac 2460
accuauucug uccuuguccu uccaucgcug ccccagaaag ccucacauau cuccguuuag 2520
aaucaggucce cuucucccca gaugaagagg agggucucug cuuuguuuuc ucuaucuccu 2580
ccucagacuu gaccaggccc agcaggeccece agaagaccau uacccuauau cccuucuccu 2640
cccuagucac auggcecauag gecugcugau ggcucaggaa ggcecauugca aggacuccuc 2700
agcuauggga gaggaagcac aucacccauu gacccecgea accecucccu uuccuccucu 2760
gagucccgac uggggccaca ugcagccuga cuucuuugug ccuguugcug ucccugcagu 2820
cuucagaggg ccaccgcagce uccagugceca cggcaggagg cuguuccuga auvagcecccug 2880
ugguaagggce caggagaguc cuuccauccu ccaaggcccu gcuaaaggac acagcagceca 2940
ggaaguccee ugggccccua gcugaaggac agcecugcucce cuccgucucu accaggaaug 3000
geocuuguccu auggaaggca cugccccauc ccaaacuaau cuaggaauca cugucuaace 3060
acucacuguc augaaugugu acuuaaagga ugagguugag ucauaccaaa uagugauuuc 3120
gauaguucaa aauggugaaa uuagcaauuc uacaugauuc agucuaauca auggauaccg 3180
acuguuucce acacaagucu ccuguucucu uaagcuuacu cacugacagce cuuucacucu 3240
ccacaaauac auuaaagaua uggccaucac caagcccccu aggaugacac cagaccugag 3300
agucugaaga ccuggaucca aguucugacu uuucccccug acagcugugu gaccuucgug 3360
aagucgccaa accucucuga gccccaguca uugcuaguaa gaccugcecuu ugaguuggua 3420
ugauguucaa guuagauaac aaaauguuua uacccauuag aacagagaau aaauagaacu 3480
acauuucuug ca 3492
<210> SEQ ID NO 13
<211> LENGTH: 3510
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagceu gaaccaagaa ggaggagggg gucgggecuc cgaggaaggce cuagccgceug 120
cugcugcecag gaauuccagg uuggaggggce ggcaaccucce ugccagcocuu caggcecacuc 180
uccugugcecu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaagggceyg 240
gcaguaaguc uucagcauca ggcauuuugg ggugacucag uaaaugguag aucuugcuac 300
caguggaaca gccacuaagg auucugcagu gagagcagag ggccagcuaa gugguacucu 360
cccagagacu gucugacuca Cgccaccccece uccaccuugg acacaggacyg cugugguuuc 420
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ugagccaggu acaaugacuc cuuucgccuc ccccguugec ccucuggauc cacugcuuaa 480
auvacggacga ggacagggcc cugucuccuc agcuucaggc accaccacug accugggaca 540
gugaaucgac aaugccgucu ucugucucgu ggggcauccu ccugcuggea ggccugugcu 600
gccuggucce ugucucccug gcugaggauc cccagggaga ugcugcccag aagacagaua 660
caucccacca ugaucaggau cacccaaccu ucaacaagau cacccccaac cuggcugagu 720
ucgccuucag ccuauaccgc cagcuggcac accaguccaa cagcaccaau aucuucuucu 780
ccccagugag caucgcuaca gcecuuugcaa ugcucucccu ggggaccaag gcugacacuc 840
acgaugaaau ccuggagggc cugaauuuca accucacgga gauuccggag gcucagaucc 900
augaaggcuu ccaggaacuc cuccguaccc ucaaccagcec agacagccag cuccagcuga 960
ccaccggcaa uggccuguuc cucagcgagg gccugaagcu aguggauaag uuuuuggagg 1020
auguuaaaaa guuguaccac ucagaagccu ucacugucaa cuucggggac accgaagagg 1080
ccaagaaaca gaucaacgau uacguggaga aggguacuca agggaaaauu guggauuugg 1140
ucaaggagcu ugacagagac acaguuuuug cucuggugaa uuacaucuuc uuuaaaggca 1200
aaugggagag acccuuugaa gucaaggaca ccgaggaaga ggacuuccac guggaccagg 1260
ugaccaccgu gaaggugccu augaugaagc guuuaggcau guuuaacauc cagcacugua 1320
agaagcuguc cagcugggug cugcugauga aauaccuggg caaugccacc gccaucuucu 1380
uccugccuga ugaggggaaa cuacagcacc uggaaaauga acucacccac gauaucauca 1440
ccaaguuccu ggaaaaugaa gacagaaggu cugccagcuu acauuuaccc aaacugucca 1500
uuvacuggaac cuaugaucug aagagcgucc ugggucaacu gggcaucacu aaggucuuca 1560
gcaauggggc ugaccucucc ggggucacag aggaggcacc ccugaagcuc uccaaggccg 1620
ugcauaaggc ugugcugacc aucgacgaga aagggacuga agcugcuggg gccauguuuu 1680
uagaggccau acccaugucu auccccccceg aggucaaguu caacaaaccc uuugucuucu 1740
uaaugauuga acaaaauacc aagucucccc ucuucauggg aaaaguggug aaucccaccc 1800
aaaaauaacu gccucucgcu ccucaacccc uccccuccau cccuggecce cucccuggau 1860
gacauuaaag aaggguugag cuggucccug ccugcaugug acuguaaauc ccucccaugu 1920
uuucucugag ucucccuuug ccugcugagg cuguaugugg gcuccaggua acagugcugu 1980
cuucgggccoc ccugaacugu guucauggag caucuggcug gguaggcaca ugcugggcouu 2040
gaauccaggg gggacugaau ccucagcuua cggaccuggg cccaucuguu ucuggagggce 2100
uccagucuuc cuuguccugu cuuggagucc ccaagaagga aucacagggg aggaaccaga 2160
uaccagccau gaccccagge uccaccaagc aucuucaugu cccccugcuc aucccccacu 2220
ceecoeccace cagaguugcu cauccugceca gggcuggceug ugcccacccce aaggcugecc 2280
uccuggggge cccagaacug ccugaucgug ccguggccca guuuuguggce aucugcagca 2340
acacaagaga gaggacaaug uccuccucuu gacccgcugu caccuaacca gacucgggcec 2400
cugcaccucu caggcacuuc uggaaaauga cugaggcaga uucuuccuga agcccauucu 2460
ccauggggca acaaggacac cuauucuguc cuuguccuuc caucgcugcc ccagaaagcc 2520
ucacauaucu ccguuuagaa ucaggucccu ucuccccaga ugaagaggag ggucucugcu 2580
uuguuuucuc uaucuccucce ucagacuuga ccaggcccag caggccccag aagaccauua 2640
cccuauaucc cuucuccucc cuagucacau ggccauaggce cugcugaugg cucaggaagg 2700
ccauugcaag gacuccucag cuaugggaga ggaagcacau cacccauuga cccccgcaac 2760
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cecucccuuu ccuccucuga gucccgacug gggcecacaug cagecugacu ucuuugugcec 2820
uguugcuguce ccugcagucu ucagagggcec accgcagcuc cagugcecacg gcaggaggeu 2880
guuccugaau agccceccugug guaagggceca ggagaguccu uccauccucc aaggcccuge 2940
uaaaggacac agcagccagg aaguccccug ggccccuage ugaaggacag ccugcucccu 3000
cegucucuac caggaaugge cuuguccuau ggaaggcacu gecccauccce aaacuaaucu 3060
aggaaucacu gucuaaccac ucacugucau gaauguguac uuaaaggaug agguugaguc 3120
auaccaaaua gugauuucga uaguucaaaa uggugaaauu agcaauucua caugauucag 3180
ucuaaucaau ggauaccgac uguuucccac acaagucucc uguucucuua agcuuacuca 3240
cugacagccu uucacucucc acaaauacau uaaagauaug gccaucacca agcccccuag 3300
gaugacacca gaccugagag ucugaagacc uggauccaag uucugacuuu ucccccugac 3360
agcuguguga ccuucgugaa gucgccaaac cucucugage cccagucauu gcuaguaaga 3420
ccugecuuug aguugguaug auguucaagu uagauaacaa aauguuuaua cccauuagaa 3480
cagagaauaa auagaacuac auuucuugca 3510
<210> SEQ ID NO 14
<211> LENGTH: 3303
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagceu gaaccaagaa ggaggagggg gucgggecuc cgaggaaggce cuagccgceug 120
cugcugcecag gaauuccagg uuggaggggce ggcaaccucce ugccagcocuu caggcecacuc 180
uccugugcecu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaagcagce 240
cucceccguu geccecucugg auccacugcu uaaauvacgga cgaggacagyg gcccugucuc 300
cucagcuuca ggcaccacca cugaccuggg acagugaauc gacaaugcecyg ucuucugucu 360
cguggggcau ccuccugcug gcaggecugu gougecuggu cccugucuce cuggeugagyg 420
aucceccaggg agaugcugcc cagaagacag auacauccca ccaugaucag gaucacccaa 480
ccuucaacaa gaucaccccc aaccuggcoug aguucgccuu cagcecuauac cgccagceugg 540
cacaccaguc caacagcacc aauaucuucu ucuccccagu gagcaucgcu acagcecuuug 600
caaugcucuc ccuggggacc aaggcugaca cucacgauga aauccuggag ggccugaauu 660
ucaaccucac ggagauuccg gaggcucaga uccaugaagg cuuccaggaa cuccuccgua 720
cccucaacca gccagacage cagcuccage ugaccaccegg caauggcecug uuccucagceg 780
agggccugaa gcuaguggau aaguuuuugg aggauguuaa aaaguuguac cacucagaag 840
ccuucacugu caacuucggg gacaccgaag aggccaagaa acagaucaac gauuacgugg 900
agaaggguac ucaagggaaa auuguggauu uggucaagga gcuugacaga gacacaguuu 960
uugcucuggu gaauuacauc uucuuuaaag gcaaauggga gagacccuuu gaagucaagg 1020
acaccgagga agaggacuuc cacguggacce aggugaccac cgugaaggug ccuaugauga 1080
agcguuuagg cauguuuaac auccagcacu guaagaagcu guccagcugyg gugcugcuga 1140
ugaaauaccu gggcaaugcece accgccaucu ucuuccugec ugaugagggg aaacuacagce 1200
accuggaaaa ugaacucacc cacgauauca ucaccaaguu ccuggaaaau gaagacagaa 1260
ggucugccag cuuacauuua cccaaacugu ccauuacugg aaccuaugau cugaagagceg 1320
uccuggguca acugggcauc acuaaggucu ucagcaaugg ggcugaccuc uccgggguca 1380
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cagaggaggce

agaaagggac

ccgaggucaa

cccucuucau

cccuccecuc

cugccugcau

aggcuguaug

gagcaucugg

uuacggaccu

uccccaagaa

agcaucuuca

ccagggcugg

gugccgugge

cuugacccge

ugacugaggc

guccuuguce

ccuucuccec

ugaccaggcce

cauggccaua

agaggaagca

cuggggecac

gccaccgeag

ccaggagagu

cugggecccu

uauggaaggc

caugaaugug

aaauggugaa

cacacaaguc

cauuaaagau

accuggaucc

aaccucucug

aguuagauaa

gca

accccugaag

ugaagcugcu

guucaacaaa

gggaaaagug

caucccugge

gugacuguaa

ugggcuccag

cuggguaggc

gggcccaucu

ggaaucacag

ugucccccug

cugugcccac

ccaguuuugu

ugucaccuaa

agauucuucc

uuccaucgcu

agaugaagag

cagcaggecc

ggccugcuga

caucacccau

augcagccug

cuccagugec

ccuuccaucc

agcugaagga

acugccccau

uacuuaaagg

auuagcaauu

uccuguucuc

auggccauca

aaguucugac

agccccaguc

caaaauguuu

<210> SEQ ID NO 15
<211> LENGTH: 3300

<212> TYPE:

RNA

cucuccaagg

ggggccaugu

cccuuugucu

gugaauccca

cceccocuccecug

aucccuccca

guaacagugc

acaugcuggyg

guuucuggag

gggaggaacc

cucaucccece

cccaaggeug

ggcaucugca

ccagacucgg

ugaagcccau

gecccagaaa

gagggucucu

cagaagacca

uggcucagga

ugaccecccge

acuucuuugu

acggcaggag

uccaaggcce

cagccugauc

cccaaacuaa

augagguuga

cuacaugauu

uuaagcuuac

ccaagccccce

uuuucccceccu

auugcuagua

auacccauua

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

ccgugcauaa

uuuuagagge

ucuuaaugau

cccaaaaaua

gaugacauua

uguuuucucu

ugucuucggyg

cuugaaucca

ggcuccaguc

agauaccagc

acucceccceece

ceccuccugygy

gcaacacaag

gececugcace

ucuccauggyg

gccucacaua

geuuuguuuu

uuacccuaua

aggccauuge

aaccccuccce

gecuguugeu

geuguuccug

ugcuaaagga

ccuccgucuc

ucuaggaauc

gucauaccaa

cagucuaauc

ucacugacag

uaggaugaca

gacagcugug

agaccugecu

gaacagagaa

ggcugugeug accaucgacg

cauacccaug ucuauccccc

ugaacaaaau accaagucuc

acugccucuc gcuccucaac

aagaaggguu gagcuggucc

gagucucccu uugcecugeug

cccecugaac uguguucaug

ggggggacug aauccucagc

uuccuuguce ugucuuggag

caugacccca ggcuccacca

acccagaguu gcucauccug

ggceccagaa cugccugauc

agagaggaca auguccuccu

ucucaggcac uucuggaaaa

gcaacaagga caccuauucu

ucuccguuua gaaucagguc

cucuaucucc uccucagacu

ucccuucucc ucccuaguca

aaggacuccu cagcuauggg

uuuccuccuc ugagucccga

gucccugeag ucuucagagg

aauagccccu gugguaaggyg

cacagcagcc aggaaguccc

uaccaggaau ggccuugucce

acugucuaac cacucacugu

auvagugauuu cgauaguuca

aauggauacc gacuguuucc

ccuuucacuc uccacaaaua

ccagaccuga gagucugaag

ugaccuucgu gaagucgcca

uugaguuggu augauguuca

uaaauvagaac uacauuucuu

ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga

guccugagcu gaaccaagaa ggaggagggyg gucgggccuc cgaggaaggce cuagecgeug

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3303

60

120
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cugcugccag gaauuccagdg uuggaggggc ggcaaccucc ugccagccuu caggccacuc 180
uccugugccu gccagaagag acagagcuug aggagagcuu gaggagagca ggaaagccuc 240
ceccoguugec ccucuggauc cacugcuuaa auacggacga ggacagggcec cugucuccuc 300
agcuucaggc accaccacug accugggaca gugaaucgac aaugccgucu ucugucucgu 360
ggggcauccu ccugcuggca ggccugugcou gecuggucce ugucucccug gcugaggauc 420
cccagggaga ugcugcccag aagacagaua caucccacca ugaucaggau cacccaaccu 480
ucaacaagau cacccccaac cuggcugagu ucgccuucag ccuauaccgce cagcuggcac 540
accaguccaa cagcaccaau aucuucuucu ccccagugag caucgcuaca gccuuugcaa 600
ugcucucccu ggggaccaag gcugacacuc acgaugaaau ccuggagggce cugaauuuca 660
accucacgga gauuccggag gcucagaucc augaaggcuu ccaggaacuc cuccguaccc 720
ucaaccagcc agacagccag cuccagcuga ccaccggcaa uggcocuguuc cucagcgagg 780
gccugaagcu aguggauaag uuuuuggagg auguuaaaaa guuguaccac ucagaagccu 840
ucacugucaa cuucggggac accgaagagg ccaagaaaca gaucaacgau uacguggaga 900
aggguacuca agggaaaauu guggauuugg ucaaggagcu ugacagagac acaguuuuug 960
cucuggugaa uuacaucuuc uuuaaaggca aaugggagag acccuuugaa gucaaggaca 1020
ccgaggaaga ggacuuccac guggaccagg ugaccaccgu gaaggugccu augaugaagc 1080
guuuaggcau guuuaacauc cagcacugua agaagcuguc cagcugggug cugcugauga 1140
aauaccuggg caaugccacc gccaucuucu uccugccuga ugaggggaaa cuacagcacce 1200
uggaaaauga acucacccac gauaucauca ccaaguuccu ggaaaaugaa gacagaaggu 1260
cugccagcuu acauuuaccc aaacugucca uuacuggaac cuaugaucug aagagcgucc 1320
ugggucaacu gggcaucacu aaggucuuca gcaauggggce ugaccucucc ggggucacag 1380
aggaggcacc ccugaagcuc uccaaggccg ugcauaaggc ugugcugacce aucgacgaga 1440
aagggacuga agcugcuggg gccauguuuu uagaggccau acccaugucu aucccccecyg 1500
aggucaaguu caacaaaccc uuugucuucu uaaugauuga acaaaauacc aagucucccc 1560
ucuucauggg aaaaguggug aaucccaccc aaaaauaacu gccucucgcu ccucaacccc 1620
uccccuccau cccuggecce cucccuggau gacauuaaag aaggguugag cuggucccug 1680
ccugcaugug acuguaaauc ccucccaugu uuucucugag ucucccuuuyg ccugcugagg 1740
cuguaugugg gcuccaggua acagugcugu cuucgggcecc ccugaacugu guucauggag 1800
caucuggcug gguaggcaca ugcugggcuu gaauccaggg gggacugaau ccucagcuua 1860
cggaccuggg cccaucuguu ucuggaggge uccagucuuc cuuguccugu cuuggagucc 1920
ccaagaagga aucacagggg aggaaccaga uaccagccau gaccccaggce uccaccaagc 1980
aucuucaugu cccccugcuc aucccccacu cceccecace cagaguugcu cauccugeca 2040
gggcuggcug ugcccaccce aaggcugcecoc uccuggggge cccagaacug ccugaucgug 2100
ccguggcecca guuuugugge aucugcagca acacaagaga gaggacaaug uccuccucuu 2160
gacccgcugu caccuaacca gacucgggoc cugcaccucu caggcacuuc uggaaaauga 2220
cugaggcaga uucuuccuga agcccauucu ccauggggca acaaggacac cuauucuguc 2280
cuuguccuuc caucgcugcc ccagaaagcc ucacauaucu ccguuuagaa ucaggucccu 2340
ucuccccaga ugaagaggag ggucucugcu uuguuuucuc uaucuccucc ucagacuuga 2400
ccaggcccag caggccccag aagaccauua cccuauaucc cuucuccucce cuagucacau 2460
ggccauaggc cugcugaugg cucaggaagg ccauugcaag gacuccucag cuaugggaga 2520
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ggaagcacau cacccauuga cccecgcaac cccucccuuu ccuccucuga guccegacug 2580
gggccacaug cagccugacu ucuuugugec uguugcuguc ccugcagucu ucagagggec 2640
accgcagouc cagugecacg gcaggaggcou guuccugaau agecccugug guaagggeca 2700
ggagaguccu uccauccuce aaggcccuge uaaaggacac agcagccagyg aagucccecug 2760
ggccccuage ugaaggacag ccugcucccu ccgucucuac caggaauggce cuuguccuau 2820
ggaaggcacu gccccaucce aaacuaaucu aggaaucacu gucuaaccac ucacugucau 2880
gaauguguac uuaaaggaug agguugaguc auaccaaaua gugauuucga uaguucaaaa 2940
uggugaaauu agcaauucua caugauucag ucuaaucaau ggauaccgac uguuucccac 3000
acaagucucc uguucucuua agcuuacuca cugacagccu uucacucuce acaaauacau 3060
uaaagauaug gccaucacca agcccccuag gaugacacca gaccugagag ucugaagacc 3120
uggauccaag uucugacuuu ucccccugac agcuguguga ccuucgugaa gucgcecaaac 3180
cucucugage cccagucauu gcuaguaaga ccugecuuug aguugguaug auguucaagu 3240
uagauaacaa aauguuuaua cccauuagaa cagagaauaa auagaacuac auuucuugca 3300
<210> SEQ ID NO 16
<211> LENGTH: 3199
<212> TYPE: RNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 16
ugggcaggaa cugggcacug ugcccaggge augcacugec uccacgcagce aacccucaga 60
guccugagcu gaaccaagaa ggaggagggyg gucgggccuc cgaggaaggce cuagecgeug 120
cugcugcecag gaauuccagg uuggagggge ggcaaccucce ugccagecuu caggcecacuc 180
uccugugccu gcecagaagag acagagcuug aggagagcuu gaggagagca ggaaaggaca 240
augccgucuu cugucucgug gggcauccuc cugcuggceag gecugugeug ccuggucceu 300
gucucccugg cugaggaucc ccagggagau gcugcccaga agacagauac aucccaccau 360
gaucaggauc acccaaccuu caacaagauc acccccaacce uggcugaguu cgecuucage 420
cuauaccgcec agcuggcaca ccaguccaac agcaccaaua ucuucuucuc cccagugage 480
aucgcuacag ccuuugcaau gcucucceug gggaccaagg cugacacuca cgaugaaauc 540
cuggagggcece ugaauuucaa ccucacggag auuccggagg cucagaucca ugaaggcuuc 600
caggaacucc uccguacccu caaccageca gacagcecage uccageugac caccggcaau 660
ggccuguuce ucagcgaggg ccugaagcua guggauaagu uuuuggagga uguuaaaaag 720
uuguaccacu cagaagccuu cacugucaac uucggggaca ccgaagaggc caagaaacag 780
aucaacgauu acguggagaa ggguacucaa gggaaaauug uggauuuggu caaggagcuu 840
gacagagaca caguuuuugc ucuggugaau uacaucuucu uuaaaggcaa augggagaga 900
cccuuugaag ucaaggacac cgaggaagag gacuuccacg uggaccaggu gaccaccgug 960
aaggugccua ugaugaagcg uuuaggcaug uuuaacaucce agcacuguaa gaagcugucce 1020
agcuggguge ugcugaugaa auaccuggge aaugecacceg ccaucuucuu ccugcecugau 1080
gaggggaaac uacagcaccu ggaaaaugaa cucacccacg auaucaucac caaguuccug 1140
gaaaaugaag acagaagguc ugccagcuua cauuuaccca aacuguccau uacuggaacc 1200
uaugaucuga agagcguccu gggucaacug ggcaucacua aggucuucag caauggggeu 1260
gaccucuccg gggucacaga ggaggcacce cugaagcucu ccaaggccogu gcauaaggeu 1320
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gugcugacca ucgacgagaa agggacugaa gcugcugggg ccauguuuuu agaggccaua 1380
cccaugucua ucccececccga ggucaaguuc aacaaacccu uugucuucuu aaugauugaa 1440
caaaauacca agucuccccu cuucauggga aaagugguga aucccaccca aaaauaacug 1500
ccucucgcuce cucaaccccu ccccuccauc cocuggeceee ucccuggauyg acauuaaaga 1560
aggguugagce uggucccuge cugcauguga cuguaaaucc cucccauguu uucucugagu 1620
cucccuuuge cugcugagge uguauguggg cuccagguaa cagugcuguc uucgggccce 1680
cugaacugug uucauggagc aucuggcugg guaggcacau gceugggcuuyg aauccagggg 1740
ggacugaauc cucagcuuac ggaccuggge ccaucuguuu cuggagggcu ccagucuuce 1800
uuguccuguc uuggagucce caagaaggaa ucacagggga ggaaccagau accagccaug 1860
accccaggeu ccaccaagca ucuucauguc ceccugcuca ucceccacuc cccceccacce 1920
agaguugcuc auccugcecag ggcuggcougu geccaccceca aggcugcecocu ccugggggece 1980
ccagaacuge cugaucgugce cguggcccag uuuuguggcea ucugcagcaa cacaagagag 2040
aggacaaugu ccuccucuug acccgcuguc accuaaccag acucgggecce ugcaccucuc 2100
aggcacuucu ggaaaaugac ugaggcagau ucuuccugaa gceccauucuc cauggggcaa 2160
caaggacacc uauucugucc uuguccuucc aucgcugcecoce cagaaagccu cacauaucuc 2220
cguuuagaau caggucccuu cuccccagau gaagaggagg gucucugcuu uguuuucucu 2280
aucuccuccu cagacuugac caggcccage aggcecccaga agaccauuac ccuauaucce 2340
uucuccucee uagucacaug gccauaggcec ugcugauggce ucaggaaggce cauugcaagg 2400
acuccucage uaugggagag gaagcacauc acccauugac ccccgcaacce ccucccuuuc 2460
cuccucugag ucccgacugg ggccacauge agecugacuu cuuugugecu guugcuguce 2520
cugcagucuu cagagggcca ccgcageucce agugccacgg caggaggceug uuccugaaua 2580
geeoougugyg uaagggccag gagaguccuu ccauccucca aggcccugcu aaaggacaca 2640
gcagccagga aguccccugg gcocccuagceu gaaggacage cugcucccuc cgucucuace 2700
aggaauggcee uuguccuaug gaaggcacug ccccauccca aacuaaucua ggaaucacug 2760
ucuaaccacu cacugucaug aauguguacu uaaaggauga gguugaguca uaccaaauag 2820
ugauuucgau aguucaaaau ggugaaauua gcaauucuac augauucagu cuaaucaaug 2880
gauaccgacu guuucccaca caagucuccu guucucuuaa gcuuacucac ugacagccuu 2940
ucacucucca caaauacauu aaagauaugg ccaucaccaa gcccccuagg augacaccag 3000
accugagagu cugaagaccu ggauccaagu ucugacuuuu cccccugaca gceugugugac 3060
cuucgugaag ucgccaaacc ucucugagcec ccagucauug cuaguaagac cugccuuuga 3120
guugguauga uguucaaguu agauaacaaa auguuuauac ccauuagaac agagaauaaa 3180
uagaacuaca uuucuugca 3199
<210> SEQ ID NO 17
<211> LENGTH: 133
<212> TYPE: RNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Antisense 901
<400> SEQUENCE: 17
ccuggaggeu ugcugaagge uguaugcugu aagcuggcag accuucuguc guuuuggceca 60
cugacugacg acagaagcug ccagcuuaca ggacacaagg ccuguuacua gcacucacau 120
ggaacaaaug gcc 133
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<210> SEQ ID NO 18
<211> LENGTH: 133

<212> TYPE:

RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Antisense 914

<400> SEQUENCE: 18

ccuggaggcou ugcugaagge uguaugcuga auguaagcug gceagaccuuc guuuuggeca

cugacugacg aaggucucag cuuacauuca ggacacaagg ccuguuacua gcacucacau

ggaacaaaug

gee

<210> SEQ ID NO 19
<211> LENGTH: 133

<212> TYPE:

RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Antisense 943

<400> SEQUENCE: 19

ccuggaggcou ugcugaagge uguaugcuga uagguuccag uaauggacag guuuuggeca

cugacugacce uguccaucug gaaccuauca ggacacaagg ccuguuacua gcacucacau

ggaacaaaug

gee

<210> SEQ ID NO 20
<211> LENGTH: 1254

<212> TYPE:

RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Hardened alpha-1 antitrypsin

<400> SEQUENCE: 20

augccgucuu

gucucccugyg

gaucaggauc

cuauvaccgcc

aucgcuacag

cuggagggcc

caggaacucc

ggccuguuce

uuguaccacu

aucaacgauu

gacagagaca

cccuuugaag

aaggugccua

agcugggugc

gaggggaaac

gaaaaugaag

uacgaccuga

gaccucuccyg

cugucucgug

cugaggaucc

acccaaccuu

agcuggcaca

ccuuugcaau

ugaauuucaa

uccguacccu

ucagcgaggg

cagaagccuu

acguggagaa

caguuuuugce

ucaaggacac

ugaugaagcg

ugcugaugaa

uacagcaccu

aucgccguag

agagcguccu

gggucacaga

gggcauccuc

ccagggagau

caacaagauc

ccaguccaac

geucucccug

ccucacggag

caaccagcca

ccugaagcua

cacugucaac

ggguacucaa

ucuggugaau

c¢gaggaagag

uuuaggcaug

auvaccuggge

ggaaaaugaa

cgcuucucug

gggucaacug

ggaggcacce

cugcuggcag

geugcccaga

accecccecaacce

agcaccaaua

gggaccaagg

auuccggagyg

gacagccage

guggauaagu

uucggggaca

gggaaaauug

uacaucuucu

gacuuccacyg

uuuaacaucce

aaugccaccg

cucacccacg

caccugccca

ggcaucacua

cugaagcucu

gecugugeug

agacagauac

uggcugaguu

ucuucuucuc

cugacacuca

cucagaucca

uccagcugac

uuuuggagga

ccgaagagge

uggauuuggu

uuaaaggcaa

uggaccaggu

agcacuguaa

ccaucuucuu

auvaucaucac

aguuaagcau

aggucuucag

ccaaggccegu

ccuggucccu

aucccaccau

cgccuucage

cccagugage

cgaugaaauc

ugaaggcuuc

caccggcaau

uguuaaaaag

caagaaacag

caaggagcuu

augggagaga

gaccaccgug

gaagcugucc

ccugccugau

caaguuccug

caccggcacyg

caauggggcu

gcauaaggcu

60

120

133

60

120

133

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



US 9,226,976 B2
85

-continued

86

gugcugacca ucgacgagaa agggacugaa gcugcugggg ccauguuuuu agaggccaua
cccaugucua ucccecccga ggucaaguuc aacaaacccu uugucuucuu aaugauugaa

caaaauacca agucuccccu cuucauggga aaagugguga aucccaccca aaaa

<210> SEQ ID NO 21

<211> LENGTH: 59

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: miRNA 910

<400> SEQUENCE: 21

uaagcuggca gaccuucugu cguuuuggcc acugagugac gacagaagcu gccagceuua

<210> SEQ ID NO 22

<211> LENGTH: 59

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: miRNA 914

<400> SEQUENCE: 22

aauguaagcu ggcagaccuu cguuuuggece acugacugac gaaggucuca gcuuacauu

<210> SEQ ID NO 23

<211> LENGTH: 58

<212> TYPE: RNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: miRNA 943

<400> SEQUENCE: 23

auagguucca guaauggaca gguuuggceca cugacugacce uguccaucug gaaccuau

<210> SEQ ID NO 24

<211> LENGTH: 7804

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Double éxmiR-CB-GFP
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(163)

<223> OTHER INFORMATION: inverted terminal repeats (ITR)
<220> FEATURE:

<221> NAME/KEY: enhancer

<222> LOCATION: (182)..(548)

<223> OTHER INFORMATION: Enhancer
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (549)..(1482)

<223> OTHER INFORMATION: Chicken beta actin promoter
<220> FEATURE:

<221> NAME/KEY: Intron

<222> LOCATION: (826)..(1482)

<223> OTHER INFORMATION: intron

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1502)..(1529)

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1530)..(1550

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (1570)..(1588

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1593)..(1633)

1140

1200

1254

59

59

58
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<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1646)..(1674)

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1675)..(1695

<223> OTHER INFORMATION: Antisense 914
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1715)..(1733)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1738)..(1778

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1791)..(1819

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1820)..(1840)

<223> OTHER INFORMATION: Antisense 943
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1860)..(1878

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1883)..(1923)

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1936)..(2035)

<223> OTHER INFORMATION: Globin

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2072)..(2788

<223> OTHER INFORMATION: Green Fluorescent Protein (GFP)
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2818)..(2845

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2846)..(2866)

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2886)..(2904)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2909)..(2949

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2962)..(2990

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2991)..(3011

<223> OTHER INFORMATION: Antisense 914
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3031)..(3049

<223> OTHER INFORMATION: sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3054)..(3094)

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3107)..(3135

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

-continued
LOCATION: (3136)..(3156)
OTHER INFORMATION: Antisense 943
FEATURE:
NAME/KEY: misc_feature
LOCATION: (3176)..(3194)
OTHER INFORMATION: Sense delta 2
FEATURE:
NAME/KEY: misc_feature
LOCATION: (3199)..(3239
OTHER INFORMATION: 3' miR
FEATURE:
NAME/KEY: polyA_signal
LOCATION: (3258)..(3470)
OTHER INFORMATION: poly A tail
FEATURE:
NAME/KEY: promoter
LOCATION: (3611)..(3739)
OTHER INFORMATION: thymidine kinase promoter (Tkp)

FEATURE:
NAME/KEY: gene

LOCATION: (3751)..(4554)

OTHER INFORMATION: Neo resistance gene

FEATURE:

NAME/KEY: misc_feature

LOCATION: (4807)..(4952)

OTHER INFORMATION: Inverted terminal repeats (ITR)

FEATURE:

NAME/KEY: gene

LOCATION: (5972)..(6832)

OTHER INFORMATION: Ampicillin resistance gene

SEQUENCE: 24

9999999999 9gggggggtt ggccactcce tctetgegeg ctegeteget cactgaggec

gggcgaccaa aggtcegeceg acgeceggge tttgcceggg cggectcagt gagegagega

gegegeagag agggagtgge caactccatce actaggggtt cctagatctg aatteggtac

cctagttatt aatagtaatc aattacgggg tcattagttce atagcccata tatggagtte

cgegttacat aacttacggt aaatggecceg cctggetgac cgcccaacga ccccegecca

ttgacgtcaa taatgacgta tgttcccata gtaacgecaa tagggacttt ccattgacgt

caatgggtgg actatttacg gtaaactgce cacttggcag tacatcaagt gtatcatatg

ccaagtacge ccectattga cgtcaatgac ggtaaatgge cegectggea ttatgceccag

tacatgacct tatgggactt tcctacttgg cagtacatet acgtattagt catcgetatt

accatggtcg aggtgagccce cacgttetge ttcactetece cecatctcecece ccecteccca

cccccaattt tgtatttatt tattttttaa ttattttgtg cagegatggg ggeggggggg

dgggggggygce gegcgcecagyg <©ggggcegggg cggggcegagg dgcggggcygg ggegaggedgy

agaggtgcgyg cggcagccaa tcagagegge gegctccgaa agtttecttt tatggegagg

cggeggegge ggceggecocta taaaaagega agegegegge gggegggagt cgetgegacg

ctgecttege ccegtgeccee gotoegeege cgectegege cgeecgecce ggetcetgact

gaccgegtta cteccacagg tgagegggeyg ggacggecct tcetecteegg getgtaatta

gegettggtt taatgacgge ttgtttettt tetgtggetg cgtgaaagec ttgagggget

cecgggaggge cctttgtgeg ggggggageg getcgggggg tgcgtgegtg tgtgtgtgeg

tggggagcgc CgCgthggC CCgCgCthC cggcggctgt gagcgctgcg ggcgcggcgce

ggggcetttgt gcgetecgea gtgtgcgega ggggagegeg gecgggggeg gtgeccegeg

gtgcgggggg ggctgcgagg ggaacaaagg ctgcgtgegg ggtgtgtgeg tgggggggtyg

agcagggggt gtgggegegg cggteggget gtaaccecee cetgcaccce cctcecccegag

ttgctgagca cggccegget tegggtgegg ggeteegtac ggggegtgge geggggeteg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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cegtgeeggg ©ggggggtgg cggcaggtgg gggtgceggg cggggegggg ccgcectceggyg 1440
ceggggaggg ctcegggggag gggcgeggeg geccccggag cgecggcegac cggtgetage 1500
cctggaggcet tgctgaaggce tgtatgectgt aagetggcag accttcectgte gttttggeca 1560
ctgactgacg acagaagctg ccagcttaca ggacacaagg cctgttacta gcactcacat 1620
ggaacaaatg gccaccggta tgcatcctgg aggcttgctg aaggctgtat gctgaatgta 1680
agctggcaga ccttegtttt ggccactgac tgacgaaggt ctcagcttac attcaggaca 1740
caaggcctgt tactagcact cacatggaac aaatggccgce tagctcgcga cctggaggct 1800
tgctgaaggce tgtatgctga taggttccag taatggacag gttttggcca ctgactgacc 1860
tgtccatctg gaacctatca ggacacaagg cctgttacta gcactcacat ggaacaaatg 1920
gcctegegat gcatctagag cctetgctaa ccatgttcat gecttettet ttttectaca 1980
gctectggge aacgtgectgg ttattgtget gtctcatcat tttggcaaag aattcectega 2040
agatctaggce ctgcaggcegg ccgccgecac catgagcaag ggcgaggaac tgttcactgg 2100
cgtggtcecca attctcgtgg aactggatgg cgatgtgaat gggcacaaat tttctgtcag 2160
cggagagggt gaaggtgatg ccacatacgg aaagctcacc ctgaaattca tctgcaccac 2220
tggaaagctc cctgtgccat ggccaacact ggtcactacc ctgacctatg gegtgcagtg 2280
cttttccaga tacccagacc atatgaagca gcatgacttt ttcaagagcg ccatgcccga 2340
gggctatgtyg caggagagaa ccatcttttt caaagatgac gggaactaca agacccgcgce 2400
tgaagtcaag ttcgaaggtg acaccctggt gaatagaatc gagctgaagg gcattgactt 2460
taaggaggat ggaaacattc tcggccacaa gctggaatac aactataact cccacaatgt 2520
gtacatcatyg gccgacaage aaaagaatgg catcaaggtc aacttcaaga tcagacacaa 2580
cattgaggat ggatccgtgc agctggccga ccattatcaa cagaacactc caatcggcga 2640
cggccectgtg ctectcecccag acaaccatta cctgtccacce cagtcectgccce tgtctaaaga 2700
tceccaacgaa aagagagacc acatggtcct gctggagttt gtgaccgctg ctgggatcac 2760
acatggcatg gacgagctgt acaagtgacce tgcaggcgece ggcgaccggt gctagecctg 2820
gaggcttgcet gaaggctgta tgctgtaagce tggcagacct tetgtegttt tggccactga 2880
ctgacgacag aagctgccag cttacaggac acaaggcctg ttactagcac tcacatggaa 2940
caaatggcca ccggtatgca tcectggaggce ttgctgaagg ctgtatgctg aatgtaaget 3000
ggcagacctt cgttttggce actgactgac gaaggtctca gcttacattc aggacacaag 3060
gcctgttact agcactcaca tggaacaaat ggccgctage tcegcgacctg gaggcttget 3120
gaaggctgta tgctgatagg ttccagtaat ggacaggttt tggccactga ctgacctgtce 3180
catctggaac ctatcaggac acaaggcctg ttactagcac tcacatggaa caaatggcect 3240
cgcgatgcat ctagagcggce cgcggggatce cagacatgat aagatacatt gatgagtttg 3300
gacaaaccac aactagaatg cagtgaaaaa aatgctttat ttgtgaaatt tgtgatgcta 3360
ttgctttatt tgtaaccatt ataagctgca ataaacaagt taacaacaac aattgcattc 3420
attttatgtt tcaggttcag ggggaggtgt gggaggtttt ttagtcgacc tcgagcagtg 3480
tggttttgca agaggaagca aaaagcctct ccacccaggce ctggaatgtt tceccacccaag 3540
tcgaaggcag tgtggttttyg caagaggaag caaaaagcct ctccacccag gectggaatg 3600
tttccaccca atgtcgagca accccgecca gcgtcecttgte attggcgaat tcgaacacgce 3660
agatgcagtc ggggcggcgce ggtcccaggt ccacttegca tattaaggtg acgcgtgtgg 3720
cctcgaacac cgagcgaccce tgcagccaat atgggatcgg ccattgaaca agatggattg 3780
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cacgcaggtt ctccggcege ttgggtggag aggctatteg gectatgactg ggcacaacag 3840
acaatcggct getctgatge cgeccgtgtte cggcectgtcag cgcaggggeg ccecggttett 3900
tttgtcaaga ccgacctgtce cggtgcecctg aatgaactgce aggacgaggce agcgcggcta 3960
tcgtggetgg ccacgacggg cgttecttge gcagetgtge tcgacgttgt cactgaageg 4020
ggaagggact ggctgctatt gggcgaagtg ccggggcagg atctcctgtce atctcacctt 4080
gctectgeceg agaaagtatce catcatgget gatgcaatge ggcggctgca tacgcttgat 4140
ceggetaccet geccattcga ccaccaageg aaacatcgea tcegagcgage acgtactcegg 4200
atggaagccg gtcttgtecga tcaggatgat ctggacgaag agcatcaggg gctcecgcgeca 4260
geegaactgt tegecagget caaggegege atgceccgacyg gegaggatcet cgtegtgacce 4320
catggcgatg cctgcttgec gaatatcatg gtggaaaatg geccgctttte tggattcatce 4380
gactgtggcec ggctgggtgt ggcggaccgce tatcaggaca tagecgttggce tacccgtgat 4440
attgctgaag agcttggcegg cgaatgggct gaccgcttece tecgtgcecttta cggtatcgece 4500
gcteecgatt cgcagcgcat cgecttctat cgecttcecttg acgagttectt ctgaggggat 4560
ccgtcgacta gagctcgetg atcagectceg actgtgectt ctagttgcca gecatctgtt 4620
gtttgccect ccececegtgee ttecttgace ctggaaggtyg ccactcccac tgtectttece 4680
taataaaatg aggaaattgc atcgcattgt ctgagtaggt gtcattctat tctggggggt 4740
ggggtgggge aggacagcaa gggggaggat tgggaagaca atagcaggca tgctggggag 4800
agatctagga acccctagtg atggagttgg ccactcectce tectgecgeget cgctcegetca 4860
ctgaggcecge ccgggcaaag cccgggegte gggegacctt tggtegeceyg gectcagtga 4920
gegagcegage gcegcagagag ggagtggcca accccceccce cecccccect geagecctge 4980
attaatgaat cggccaacgc gcggggagag gcggtttgeg tattgggcge tettecegett 5040
cctegetecac tgactcecgetg cgecteggteg tteggctgeg gegageggta tcagctcact 5100
caaaggcggt aatacggtta tccacagaat caggggataa cgcaggaaag aacatgtgag 5160
caaaaggcca gcaaaaggcc aggaaccgta aaaaggccgce gttgctggeg tttttcecata 5220
ggcteccegeee cectgacgag catcacaaaa atcgacgcetce aagtcagagg tggcgaaacce 5280
cgacaggact ataaagatac caggcgtttc ccecctggaag ctccectegtg cgctctectg 5340
ttccgaccct gecgettace ggatacctgt ccgectttet cectteggga agegtggegce 5400
tttctcaatg ctcacgctgt aggtatctca gtteggtgta ggtcecgttcge tecaagetgg 5460
gctgtgtgeca cgaaccccce gttcageceg accgctgcge cttatccggt aactatcgte 5520
ttgagtccaa cccggtaaga cacgacttat cgccactgge agcagccact ggtaacagga 5580
ttagcagagc gaggtatgta ggcggtgcta cagagttcectt gaagtggtgg cctaactacg 5640
gctacactag aaggacagta tttggtatct gecgctcectget gaagccagtt accttcggaa 5700
aaagagttgg tagctcttga tccggcaaac aaaccaccgce tggtagcggt ggtttttttg 5760
tttgcaagca gcagattacg cgcagaaaaa aaggatctca agaagatcct ttgatctttt 5820
ctacggggtc tgacgctcag tggaacgaaa actcacgtta agggattttg gtcatgagat 5880
tatcaaaaag gatcttcacc tagatccttt taaattaaaa atgaagtttt aaatcaatct 5940
aaagtatata tgagtaaact tggtctgaca gttaccaatg cttaatcagt gaggcaccta 6000
tctcagegat ctgtctattt cgttcatcca tagttgectg actccccgte gtgtagataa 6060
ctacgatacg ggagggctta ccatctggce ccagtgctgce aatgataccg cgagacccac 6120
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getcaccgge tccagattta tcagcaataa accagccage cggaagggec gagegcagaa

gtggtcctge aactttatcc gectccatce agtctattaa ttgttgecegyg gaagetagag

taagtagttc gccagttaat agtttgegea acgttgttge cattgetaca ggcatcegtgg

tgtcacgete gtegtttggt atggettecat tcageteegg ttcccaacga tcaaggcegag

ttacatgatc ccccatgttg tgcaaaaaag cggttagetce ctteggtect ccgategttg

tcagaagtaa gttggccgca gtgttatcac tcatggttat ggcagcactg cataattcte

ttactgtcat gccatcegta agatgetttt ctgtgactgg tgagtactca accaagtcat

tctgagaata gtgtatgegg cgaccgagtt getcttgece ggegtcaata cgggataata

ccgegecaca tagcagaact ttaaaagtge tcatcattgg aaaacgttcet tceggggcgaa

aactctcaag gatcttaccg ctgttgagat ccagttegat gtaacccact cgtgcaccca

actgatctte

agcatctttt actttcacca gegtttetgg gtgagcaaaa acaggaaggce

aaaatgccge aaaaaaggga ataagggega cacggaaatg ttgaatacte atactcttec

tttttcaata ttattgaage atttatcagg gttattgtet catgagegga tacatatttg

aatgtattta gaaaaataaa caaatagggg ttccgegcac atttceccega aaagtgccac

ctgacgtcta agaaaccatt attatcatga cattaaccta taaaaatagg cgtatcacga

ggcecttteg tcetegegegt tteggtgatyg acggtgaaaa cctcetgacac atgeagetec

cggagacggt cacagettgt ctgtaagegg atgeegggag cagacaagece cgtcagggeg

cgtcageggy tgttggeggg tgtegggget ggettaacta tgeggeatca gagcagattg

tactgagagt gcaccatatg cggtgtgaaa taccgcacag atgegtaagg agaaaatacc

gcatcaggaa attgtaaacg ttaatatttt gttaaaattc gecgttaaatt tttgttaaat

cagctcattt tttaaccaat aggccgaaat cggcaaaatc ccttataaat caaaagaata

gaccgagata gggttgagtg ttgttccagt ttggaacaag agtccactat taaagaacgt

ggactccaac gtcaaagggc gaaaaaccgt ctatcaggge gatggceccac tacgtgaacc

atcaccctaa tcaagttttt tggggtecgag gtgccgtaaa gecactaaatce ggaaccctaa

agggagccce cgatttagag cttgacgggg aaagecggeg aacgtggega gaaaggaagg

gaagaaagcg aaaggagcgg gcegctaggge gctggcaagt gtageggtca cgetgegegt

aaccaccaca cccgecgege ttaatgegee getacaggge gegtegegee attcegecatt

caggctacge aactgttggg aagggcgate ggtgegggec tettegetat tacgccagge

tgca

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>

SEQ ID NO 25

LENGTH: 7667

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: PolyA-3XmiR-CB-GFP
FEATURE:

NAME/KEY: misc_feature

LOCATION: (17)..(163)

OTHER INFORMATION: Inverted terminal repeats
FEATURE:

NAME/KEY: enhancer

LOCATION: (182)..(548)
OTHER INFORMATION: Enhancer
FEATURE:

NAME/KEY: promoter
LOCATION: (549)..(1795)

(ITR)

OTHER INFORMATION: Chicken beta actin promoter

FEATURE:
NAME/KEY: Intron

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7804
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<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

-continued
LOCATION: (826)..(1795)
OTHER INFORMATION: Intron
FEATURE:
NAME/KEY: misc_feature
LOCATION: (1796)..(1898)
OTHER INFORMATION: Globin
FEATURE:
NAME/KEY: gene
LOCATION: (1935)..(2651

OTHER INFORMATION: Green fluorescent protein (GFP)
FEATURE:
NAME/KEY: misc_feature

LOCATION: (2681)..(2708

OTHER INFORMATION: 5' miR
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2709)..(2729

OTHER INFORMATION: Antisense 901
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2749)..(2767

OTHER INFORMATION: Sense delta 2
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2772)..(2812)

OTHER INFORMATION: 3' miR
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2854)..(2874)

OTHER INFORMATION: Antisense 914
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2894)..(2912)

OTHER INFORMATION: Sense delta 2
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2917)..(2957

OTHER INFORMATION: 3' miR
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2970)..(2998

OTHER INFORMATION: 5' miR
FEATURE:

NAME/KEY: misc_feature

LOCATION: (2999)..(3019

OTHER INFORMATION: Antisense 943
FEATURE:

NAME/KEY: misc_feature

LOCATION: (3039)..(3057

OTHER INFORMATION: Sense delta 2
FEATURE:

NAME/KEY: misc_feature

LOCATION: (3062)..(3102)

OTHER INFORMATION: 3' miR
FEATURE:

NAME/KEY: polyA_signal

LOCATION: (3121)..(3333)

OTHER INFORMATION: polyA tail
FEATURE:

NAME/KEY: promoter

LOCATION: (3474)..(3602)

OTHER INFORMATION: thymidine kinase promoter (Tkp)
FEATURE:
NAME/KEY: gene

LOCATION: (3614)..(4417)

OTHER INFORMATION: Neomycin resistance gene
FEATURE:

NAME/KEY: misc_feature

LOCATION: (4670)..(4815

OTHER INFORMATION: inverted terminal repeats (ITR)
FEATURE:

NAME/KEY: gene

LOCATION: (5835)..(6695)

OTHER INFORMATION: Ampicillin resistance gene

SEQUENCE: 25

9999999999 9gggggggtt ggccactcce tctetgegeg ctegeteget cactgaggec

60
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gggcgaccaa

dcgegeagag

cctagttatt

cgegttacat

ttgacgtcaa

caatgggtgg

ccaagtacge

tacatgacct

accatggteg

ccecccaattt

d99999999¢

agaggtgcgg

¢ggeggegge

ctgecttege

gaccgegtta

gegettggtt

c¢cgggaggge

tggggagege

ggggctttgt

gtgcgggggy

agcagggggt

ttgctgageca

CCgthngg

c¢cggggaggy

cggcgagccyg

tgtcccaaat

dcggggegaa

cgecegegecyg

gCCtthggg

gagcctetge

tggttattgt

cggeegeage

tggaactgga

atgccacata

catggccaac

accatatgaa

gaaccatcett

gtgacaccct

ttcteggeca

agcaaaagaa

aggtcgeeeg

agggagtgge

aatagtaatc

aacttacggt

taatgacgta

actatttacg

ccectattga

tatgggactt

aggtgagccc

tgtatttatt

gcgegecagy

cggcagcecaa

ggcggeccta

ccegtgeccee

ctcccacagyg

taatgacggc

cectttgtgeg

cgcgtgegge

gegetecgea

ggctgegagg

gtgggcgegy

cggecegget

c©ggggggtag

ctcgggggag

cagccattge

ctgtgcggag

geggtgcegge

cegtececett

dggacggggc

taaccatgtt

getgteteat

caccatgage

tggcgatgtg

cggaaagete

actggtcact

gcagcatgac

tttcaaagat

ggtgaataga

caagctggaa

tggcatcaag

acgcceggyge

caactccatc

aattacgggyg

aaatggceeg

tgttcccata

gtaaactgce

cgtcaatgac

tcctacttygg

cacgttetge

tattttttaa

¢ggggcgggy

tcagagcgge

taaaaagcga

getecgecge

tgagcgggcyg

ttgtttettt

dgggggagceyg

cegegetgee

gtgtgegega

ggaacaaagg

cggtcgggct

tegggtgegg

cggcaggtgg

dggcgeggcey

cttttatggt

ccgaaatetyg

gccggcagga

ctcectetec

agggegggge

catgeccettet

cattttggca

aagggcgagyg

aatgggcaca

accctgaaat

accctgacct

tttttcaaga

gacgggaact

atcgagctga

tacaactata

gtcaacttca

tttgcceggy

actaggggtt

tcattagtte

cctggetgac

gtaacgccaa

cacttggcag

ggtaaatgge

cagtacatct

ttcactctce

ttattttgtg

¢ggggcgagy

gegetecgaa

agegegegge

cgectegege

ggacggcect

tctgtggety

getegggggy

cggcggctgt

dgggagegcey

ctgegtgegg

gtaaccccce

ggctcegtac

gggtgecggg

gececeggag

aatcgtgega

dgaggegcecyg

aggaaatggg

agcctcgggg

tcggettetyg

tctttttect

aagaattcct

aactgttcac

aattttetgt

tcatctgeac

atggcgtgea

gegecatgee

acaagacccg

agggcattga

actcccacaa

agatcagaca

cggectcagt gagcgagega

cctagatcetyg aattcggtac

atagcccata tatggagttce

cgcccaacga cccceccgecca

tagggacttt ccattgacgt

tacatcaagt gtatcatatg

cecgectggea ttatgeccag

acgtattagt catcgctatt

ccatctcecce ccectecceca

cagcgatggg ggcggggggy

dgeggggcygg ggegaggegy

agttteccttt tatggcgagyg

gggcgggagt cgctgcgacg

cgececgeecce ggctetgact

tctecteegyg getgtaatta

cgtgaaagcee ttgagggget

tgcgtgegtg tgtgtgtgeg

gagcgetgeg ggcgceggege

geegggggeg gtgeccegeg

ggtgtgtgeg tgggggggtyg

cctgecaccee cctecccgag

ggggegtgge gcggggeteg

c€ggggcgggg ccgcectceggg

cgccggceggce tgtcgaggcg

gagggcgcag ggacttceccectt

cecgecaccece tctageggge

cggggagggc cttcgtgcgt

CtgtCCgng ggggacggct

gegtgtgace ggeggcetcta

acagctecctyg ggcaacgtge

cgaagatcta ggcctgcagyg

tggcegtggte ccaattcteg

cagcggagag ggtgaaggtg

cactggaaag ctcectgtge

gtgettttee agatacccag

cgagggctat gtgcaggaga

cgctgaagte aagttcgaag

ctttaaggag gatggaaaca

tgtgtacatc atggccgaca

caacattgag gatggatccg

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460
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tgcagctggce cgaccattat caacagaaca ctccaatcgg cgacggccct gtgctectcee 2520
cagacaacca ttacctgtcc acccagtctg ccctgtctaa agatcccaac gaaaagagag 2580
accacatggt cctgctggag tttgtgaccg ctgctgggat cacacatggce atggacgagc 2640
tgtacaagtg acctgcaggc gccggcgacce ggtgctagece ctggaggctt getgaaggcet 2700
gtatgctgta agctggcaga ccttcectgteg ttttggccac tgactgacga cagaagctge 2760
cagcttacag gacacaaggc ctgttactag cactcacatg gaacaaatgg ccaccggtat 2820
gcatcctgga ggcttgctga aggctgtatg ctgaatgtaa getggcagac cttegttttg 2880
gccactgact gacgaaggtc tcagcttaca ttcaggacac aaggcctgtt actagcactce 2940
acatggaaca aatggccgct agctcgcgac ctggaggcett gectgaagget gtatgctgat 3000
aggttccagt aatggacagg ttttggccac tgactgacct gtccatctgg aacctatcag 3060
gacacaaggc ctgttactag cactcacatg gaacaaatgg cctcgcgatg catctagagce 3120
ggcegcegggyg atccagacat gataagatac attgatgagt ttggacaaac cacaactaga 3180
atgcagtgaa aaaaatgctt tatttgtgaa atttgtgatg ctattgcttt atttgtaacc 3240
attataagct gcaataaaca agttaacaac aacaattgca ttcattttat gtttcaggtt 3300
cagggggagg tgtgggaggt tttttagtcg acctcgagca gtgtggtttt gcaagaggaa 3360
gcaaaaagcc tctccaccca ggectggaat gtttceccacee aagtcgaagg cagtgtggtt 3420
ttgcaagagg aagcaaaaag cctctccacce caggcctgga atgtttccac ccaatgtcega 3480
gcaacccege ccagegtcett gtcattggeg aattcgaaca cgcagatgca gtcggggcegyg 3540
cgeggtecca ggtccactte gecatattaag gtgacgegtg tggcctcgaa caccgagcga 3600
ccetgcagece aatatgggat cggccattga acaagatgga ttgcacgcag gttctcecggce 3660
cgcttgggtg gagaggctat tceggctatga ctgggcacaa cagacaatcg getgctcetga 3720
tgccgeegtg ttcececggcectgt cagcgcaggg gcgeccggtt ctttttgtca agaccgacct 3780
gteeggtgee ctgaatgaac tgcaggacga ggcagegegg ctatcgtgge tggecacgac 3840
gggcgttect tgcgcagcetg tgctcgacgt tgtcactgaa gcgggaaggg actggctget 3900
attgggcgaa gtgccggggce aggatctcct gtcatctcac cttgctcecctg ccgagaaagt 3960
atccatcatg gctgatgcaa tgcggcggct gcatacgcett gatccggcta cctgceccatt 4020
cgaccaccaa gcgaaacatc gcatcgageg agcacgtact cggatggaag ccggtettgt 4080
cgatcaggat gatctggacg aagagcatca ggggctcegeg ccagecgaac tgttegecag 4140
gctcaaggeg cgcatgecccg acggcgagga tctcegtegtg acccatggeg atgectgett 4200
gccgaatate atggtggaaa atggccgett ttcectggatte atcgactgtg gcecggctggyg 4260
tgtggcggac cgctatcagg acatagecgtt ggctaccegt gatattgctg aagagcettgg 4320
cggcgaatgg gctgaccget tectegtgcet ttacggtatce gecgectcecceg attcecgcageg 4380
catcgectte tatcgectte ttgacgagtt cttetgaggg gatccgtcga ctagagetcg 4440
ctgatcagcce tcgactgtge cttctagttg ccagccatcect gttgtttgece ccteccecegt 4500
gccttecttyg accctggaag gtgccactcecce cactgtcectt tectaataaa atgaggaaat 4560
tgcatcgcat tgtctgagta ggtgtcattce tattctgggg ggtggggtgg ggcaggacag 4620
caagggggag gattgggaag acaatagcag gcatgctggg gagagatcta ggaaccccta 4680
gtgatggagt tggccactce ctectcectgege gectcegetcege tcactgaggce cgcccgggca 4740
aagceceggge gtcegggegac ctttggtege ceggectcag tgagcgageyg agcegcegcaga 4800
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gagggagtygyg ccaacccccee ccceccccce cctgcagece tgcattaatg aatcggccaa 4860
cgcgegggga gaggeggttt gegtattggg cgectcecttecg cttectceget cactgactceg 4920
ctgcgcetegg tegttcegget geggcgagceg gtatcagetce actcaaaggce ggtaatacgg 4980
ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagyg ccagcaaaag 5040
gccaggaacce gtaaaaaggc cgcegttgetg gegtttttec ataggctceccg cccccctgac 5100
gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg actataaaga 5160
taccaggcgt ttcceccctgg aagctceeccte gtgegctete ctgtteccgac cctgecgett 5220
accggatacce tgtccgcectt tetceccectteg ggaagegtgg cgctttcecteca atgcectcacgce 5280
tgtaggtatc tcagttcggt gtaggtcgtt cgctccaage tgggctgtgt gcacgaaccce 5340
ccegttecage ccgaccgetg cgcecttatce ggtaactatce gtcttgagte caacccggta 5400
agacacgact tatcgccact ggcagcagcce actggtaaca ggattagcag agcgaggtat 5460
gtaggcggtyg ctacagagtt cttgaagtgg tggcctaact acggctacac tagaaggaca 5520
gtatttggta tctgcgctct gctgaagcca gttacctteg gaaaaagagt tggtagetct 5580
tgatccggca aacaaaccac cgctggtage ggtggttttt ttgtttgcaa gcagcagatt 5640
acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg gtctgacgcet 5700
cagtggaacg aaaactcacg ttaagggatt ttggtcatga gattatcaaa aaggatcttc 5760
acctagatcc ttttaaatta aaaatgaagt tttaaatcaa tctaaagtat atatgagtaa 5820
acttggtctg acagttacca atgcttaatc agtgaggcac ctatctcagce gatctgtcta 5880
tttegttecat ccatagttge ctgactccce gtegtgtaga taactacgat acgggagggce 5940
ttaccatctg geccccagtge tgcaatgata ccgcgagacce cacgctcacce ggctccagat 6000
ttatcagcaa taaaccagcc agccggaagg gccgagcegca gaagtggtcecce tgcaacttta 6060
tcegecteca teccagtctat taattgttge cgggaagcta gagtaagtag ttcecgccagtt 6120
aatagtttgc gcaacgttgt tgccattgct acaggcatcg tggtgtcacg ctegtcegttt 6180
ggtatggctt cattcagctce cggttcccaa cgatcaaggce gagttacatg atcccccatg 6240
ttgtgcaaaa aagcggttag ctcctteggt cctecgateg ttgtcagaag taagttggcece 6300
gcagtgttat cactcatggt tatggcagca ctgcataatt ctcttactgt catgccatcce 6360
gtaagatgct tttctgtgac tggtgagtac tcaaccaagt cattctgaga atagtgtatg 6420
cggcgaccga gttgctcttyg cccggegtca atacgggata ataccgcgec acatagcaga 6480
actttaaaag tgctcatcat tggaaaacgt tcttcggggce gaaaactctce aaggatctta 6540
ccgctgttga gatccagtte gatgtaacce actcgtgcac ccaactgatce ttcagcatct 6600
tttactttca ccagcgtttce tgggtgagca aaaacaggaa ggcaaaatgc cgcaaaaaag 6660
ggaataaggg cgacacggaa atgttgaata ctcatactct tecctttttca atattattga 6720
agcatttatc agggttattg tctcatgagc ggatacatat ttgaatgtat ttagaaaaat 6780
aaacaaatag gggttccgeg cacatttcce cgaaaagtgce cacctgacgt ctaagaaacc 6840
attattatca tgacattaac ctataaaaat aggcgtatca cgaggccctt tegtctegeg 6900
cgtttecggtg atgacggtga aaacctctga cacatgcagce tcccggagac ggtcacagcet 6960
tgtctgtaag cggatgcegg gagcagacaa gcccgtcagg gcgcgtcage gggtgttgge 7020
gggtgtcggg gctggcttaa ctatgcggca tcagagcaga ttgtactgag agtgcaccat 7080
atgcggtgtg aaataccgca cagatgcgta aggagaaaat accgcatcag gaaattgtaa 7140
acgttaatat tttgttaaaa ttcgcgttaa atttttgtta aatcagctca ttttttaacc 7200
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aataggccga aatcggcaaa atcccttata aatcaaaaga atagaccgag atagggttga 7260
gtgttgttec agtttggaac aagagtccac tattaaagaa cgtggactcc aacgtcaaag 7320
ggcgaaaaac cgtctatcag ggcgatggcce cactacgtga accatcaccc taatcaagtt 7380
ttttggggtc gaggtgcegt aaagcactaa atcggaaccce taaagggagc ccccgattta 7440
gagcttgacyg gggaaagccg gcgaacgtgg cgagaaagga agggaagaaa gcgaaaggag 7500
cgggegetag ggcgetggca agtgtagegg tcacgcetgeg cgtaaccacce acacccgecyg 7560
cgcttaatge geccgctacag ggcgcegtcecge gccattegece attcaggcta cgcaactgtt 7620
gggaagggcg atcggtgcgg gcectecttege tattacgcca ggctgca 7667

<210> SEQ ID NO 26
<211> LENGTH: 7337

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: enhancer

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: promoter

<222> LOCATION:

(17) ..

(182) .

(549) .

(163)

. (548)

. (1482)

enhancer

Inverted terminal repeats

Intronic-3XmiR-CB-GFP

<223> OTHER INFORMATION: Chicken beta actin promoter
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

Intron
(826) .

. (1482)

<223> OTHER INFORMATION: Chicken beta actin intron
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1502) .. (1529)

<223> OTHER INFORMATION: 5' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1530) .. (1550)

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1570) .. (1588)

(1593) ..(1633)

<223> OTHER INFORMATION: 3' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1646) .. (1674)

<223> OTHER INFORMATION: 5' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1675) .. (1695)

Sense delta 2

<223> OTHER INFORMATION: Antisense 914
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1715) .. (1733)

(1738) .. (1778)

<223> OTHER INFORMATION: 3' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1791) .. (1819)

<223> OTHER INFORMATION: 5' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1820) .. (1840)

Sense delta 2

(ITR)
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: Antisense 943

FEATURE:

NAME/KEY: misc_feature

LOCATION: (1860)..(1878)

OTHER INFORMATION: Sense delta 2
FEATURE:

NAME/KEY: misc_feature

LOCATION: (1883)..(1923)

OTHER INFORMATION: 3' miR
FEATURE:

NAME/KEY: gene

LOCATION: (2072)..(2788

OTHER INFORMATION: GFP

FEATURE:

NAME/KEY: polyA signal

LOCATION: (2789)..(3003)

OTHER INFORMATION: polyA tail
FEATURE:

NAME/KEY: promoter

LOCATION: (3144)..(3272)

OTHER INFORMATION: thymidine kinase promoter (Tkp)

FEATURE:
NAME/KEY: gene

LOCATION: (3284)..(4087)

OTHER INFORMATION: Neomycin resistance gene
FEATURE:

NAME/KEY: misc_feature

LOCATION: (4340)..(4485)

OTHER INFORMATION: Inverted terminal repeats (ITR)
FEATURE:

NAME/KEY: gene

LOCATION: (5505)..(6365)

OTHER INFORMATION: Ampicillin (complement)

SEQUENCE: 26

9999999999 9gggggggtt ggccactcce tctetgegeg ctegeteget cactgaggec

gggcgaccaa aggtcegeceg acgeceggge tttgcceggg cggectcagt gagegagega

gegegeagag agggagtgge caactccatce actaggggtt cctagatctg aatteggtac

cctagttatt aatagtaatc aattacgggg tcattagttce atagcccata tatggagtte

cgegttacat aacttacggt aaatggecceg cctggetgac cgcccaacga ccccegecca

ttgacgtcaa taatgacgta tgttcccata gtaacgecaa tagggacttt ccattgacgt

caatgggtgg actatttacg gtaaactgce cacttggcag tacatcaagt gtatcatatg

ccaagtacge ccectattga cgtcaatgac ggtaaatgge cegectggea ttatgceccag

tacatgacct tatgggactt tcctacttgg cagtacatet acgtattagt catcgetatt

accatggtcg aggtgagccce cacgttetge ttcactetece cecatctcecece ccecteccca

cccccaattt tgtatttatt tattttttaa ttattttgtg cagegatggg ggeggggggg

dgggggggygce gegcgcecagyg <©ggggcegggg cggggcegagg dgcggggcygg ggegaggedgy

agaggtgcgyg cggcagccaa tcagagegge gegctccgaa agtttecttt tatggegagg

cggeggegge ggceggecocta taaaaagega agegegegge gggegggagt cgetgegacg

ctgecttege ccegtgeccee gotoegeege cgectegege cgeecgecce ggetcetgact

gaccgegtta cteccacagg tgagegggeyg ggacggecct tcetecteegg getgtaatta

gegettggtt taatgacgge ttgtttettt tetgtggetg cgtgaaagec ttgagggget

cecgggaggge cctttgtgeg ggggggageg getcgggggg tgcgtgegtg tgtgtgtgeg

tggggagcgc CgCgthggC CCgCgCthC cggcggctgt gagcgctgcg ggcgcggcgce

ggggcetttgt gcgetecgea gtgtgcgega ggggagegeg gecgggggeg gtgeccegeg

gtgcgggggg ggctgcgagg ggaacaaagg ctgcgtgegg ggtgtgtgeg tgggggggtyg

agcagggggt gtgggegegg cggteggget gtaaccecee cetgcaccce cctcecccegag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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ttgctgagca cggcccggcet tegggtgcegg ggctceccgtac ggggcegtgge geggggctceg 1380
cegtgeeggg ©ggggggtgg cggcaggtgg gggtgceggg cggggegggg ccgcectceggyg 1440
ceggggaggg ctcegggggag gggcgeggeg geccccggag cgecggcegac cggtgetage 1500
cctggaggcet tgctgaaggce tgtatgectgt aagetggcag accttcectgte gttttggeca 1560
ctgactgacg acagaagctg ccagcttaca ggacacaagg cctgttacta gcactcacat 1620
ggaacaaatg gccaccggta tgcatcctgg aggcttgctg aaggctgtat gctgaatgta 1680
agctggcaga ccttegtttt ggccactgac tgacgaaggt ctcagcttac attcaggaca 1740
caaggcctgt tactagcact cacatggaac aaatggccgce tagctcgcga cctggaggct 1800
tgctgaaggce tgtatgctga taggttccag taatggacag gttttggcca ctgactgacc 1860
tgtccatctg gaacctatca ggacacaagg cctgttacta gcactcacat ggaacaaatg 1920
gcctegegat gcatctagag cctetgctaa ccatgttcat gecttettet ttttectaca 1980
gctectggge aacgtgectgg ttattgtget gtctcatcat tttggcaaag aattcectega 2040
agatctaggce ctgcaggcegg ccgccgecac catgagcaag ggcgaggaac tgttcactgg 2100
cgtggtcecca attctcgtgg aactggatgg cgatgtgaat gggcacaaat tttctgtcag 2160
cggagagggt gaaggtgatg ccacatacgg aaagctcacc ctgaaattca tctgcaccac 2220
tggaaagctc cctgtgccat ggccaacact ggtcactacc ctgacctatg gegtgcagtg 2280
cttttccaga tacccagacc atatgaagca gcatgacttt ttcaagagcg ccatgcccga 2340
gggctatgtyg caggagagaa ccatcttttt caaagatgac gggaactaca agacccgcgce 2400
tgaagtcaag ttcgaaggtg acaccctggt gaatagaatc gagctgaagg gcattgactt 2460
taaggaggat ggaaacattc tcggccacaa gctggaatac aactataact cccacaatgt 2520
gtacatcatyg gccgacaage aaaagaatgg catcaaggtc aacttcaaga tcagacacaa 2580
cattgaggat ggatccgtgc agctggccga ccattatcaa cagaacactc caatcggcga 2640
cggccectgtg ctectcecccag acaaccatta cctgtccacce cagtcectgccce tgtctaaaga 2700
tceccaacgaa aagagagacc acatggtcct gctggagttt gtgaccgctg ctgggatcac 2760
acatggcatg gacgagcetgt acaagtgage ggccgcegggyg atccagacat gataagatac 2820
attgatgagt ttggacaaac cacaactaga atgcagtgaa aaaaatgctt tatttgtgaa 2880
atttgtgatg ctattgcttt atttgtaacc attataagct gcaataaaca agttaacaac 2940
aacaattgca ttcattttat gtttcaggtt cagggggagg tgtgggaggt tttttagtcg 3000
acctcgagca gtgtggtttt gcaagaggaa gcaaaaagcc tctccaccca ggcctggaat 3060
gtttccacce aagtcgaagg cagtgtggtt ttgcaagagg aagcaaaaag cctcetccacce 3120
caggcctgga atgtttccac ccaatgtcga gcaaccccege ccagecgtcectt gtcattggeg 3180
aattcgaaca cgcagatgca gtcggggcgg cgcggtcecca ggtccactte gcatattaag 3240
gtgacgcgtyg tggcctcgaa caccgagcga ccctgcagec aatatgggat cggccattga 3300
acaagatgga ttgcacgcag gttctcecgge cgettgggtg gagaggctat teggctatga 3360
ctgggcacaa cagacaatcg gctgctcectga tgccgcegtg ttceccecggctgt cagcgcaggg 3420
gcgeecggtt ctttttgtca agaccgacct gtccecggtgec ctgaatgaac tgcaggacga 3480
ggcagcgegg ctatcgtgge tggccacgac gggcgttcecet tgcgcagetg tgctcecgacgt 3540
tgtcactgaa gcgggaaggg actggctgct attgggcgaa gtgccggggce aggatctect 3600
gtcatctcac cttgctecctg ccgagaaagt atccatcatg gctgatgcaa tgcggcggcet 3660
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gcatacgcett gatccggcta cctgcccatt cgaccaccaa gcgaaacatc gcatcgagceg 3720
agcacgtact cggatggaag ccggtcttgt cgatcaggat gatctggacg aagagcatca 3780
ggggctegeyg ccagecgaac tgttegecag getcaaggeg cgcatgeccg acggcgagga 3840
tctegtegtg acccatggeg atgcectgett gccgaatatce atggtggaaa atggcecgett 3900
ttectggattc atcgactgtg gecggcetggg tgtggcggac cgctatcagg acatagcgtt 3960
ggctaccegt gatattgctg aagagcttgg cggcgaatgg gctgaccget tcectegtget 4020
ttacggtatc geccgctceeeg attcgcagcecg catcgectte tatcgectte ttgacgagtt 4080
cttctgaggg gatccgtega ctagagectceg ctgatcagece tcgactgtge cttcectagttg 4140
ccagccatct gttgtttgece cctecccecegt gecttecttg accctggaag gtgcecactcece 4200
cactgtecctt tcctaataaa atgaggaaat tgcatcgcat tgtctgagta ggtgtcattce 4260
tattctgggyg ggtggggtgyg ggcaggacag caagggggag gattgggaag acaatagcag 4320
gcatgctggg gagagatcta ggaaccccta gtgatggagt tggccactcce ctectetgege 4380
getegetege tcactgagge cgcccgggca aagceccggge gtegggegac ctttggtege 4440
ceggectceag tgagegageg agcgcgeaga gagggagtgyg ccaaccccece cccececcee 4500
cctgcagecce tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gegtattggg 4560
cgctetteeg cttecteget cactgactceg ctgegcectegg tegttegget geggcgageg 4620
gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga taacgcagga 4680
aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggce cgcgttgcetg 4740
gcgtttttee ataggctccecg ccecccctgac gagcatcaca aaaatcgacg ctcaagtceag 4800
aggtggcgaa acccgacagg actataaaga taccaggcegt ttcccecctgg aagctcececte 4860
gtgcgctete ctgtteccgac cctgccgett accggatacce tgtccgectt tcetecctteg 4920
ggaagcgtgg cgctttctca atgctcacge tgtaggtatce tcagtteggt gtaggtegtt 4980
cgctceccaage tgggctgtgt gcacgaacce ccegttcage ccgaccgctg cgecttatcee 5040
ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact ggcagcagcece 5100
actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg 5160
tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctcet getgaagceca 5220
gttacctteg gaaaaagagt tggtagctct tgatccggca aacaaaccac cgctggtage 5280
ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat 5340
cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg ttaagggatt 5400
ttggtcatga gattatcaaa aaggatcttc acctagatcc ttttaaatta aaaatgaagt 5460
tttaaatcaa tctaaagtat atatgagtaa acttggtctg acagttacca atgcttaatc 5520
agtgaggcac ctatctcagc gatctgtcta tttegttcecat ccatagttge ctgactccce 5580
gtcgtgtaga taactacgat acgggagggce ttaccatctg gecccagtgce tgcaatgata 5640
cecgegagace cacgctcacce ggctccagat ttatcagcaa taaaccagec agccggaagg 5700
gccgagcgceca gaagtggtcee tgcaacttta tccgectceca tcecagtcectat taattgttge 5760
cgggaagcta gagtaagtag ttcgccagtt aatagtttgce gcaacgttgt tgccattget 5820
acaggcatcg tggtgtcacg ctcecgtegttt ggtatggcett cattcagcte cggttceccaa 5880
cgatcaaggc gagttacatg atcccccatg ttgtgcaaaa aagcggttag ctectteggt 5940
cctcecgateg ttgtcagaag taagttggcce gcagtgttat cactcatggt tatggcagca 6000
ctgcataatt ctcttactgt catgccatcc gtaagatget tttctgtgac tggtgagtac 6060
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tcaaccaagt cattctgaga atagtgtatg cggcgaccga gttgctcttg cccggegtca 6120
atacgggata ataccgcgcc acatagcaga actttaaaag tgctcatcat tggaaaacgt 6180
tcttegggge gaaaactctce aaggatctta ccgcectgttga gatccagtte gatgtaacce 6240
actcgtgcac ccaactgatc ttcagcatct tttactttca ccagecgttte tgggtgagca 6300
aaaacaggaa ggcaaaatgc cgcaaaaaag ggaataaggg cgacacggaa atgttgaata 6360
ctcatactct tecctttttca atattattga agcatttatc agggttattg tctcatgagce 6420
ggatacatat ttgaatgtat ttagaaaaat aaacaaatag gggttccgcg cacatttcecce 6480
cgaaaagtgc cacctgacgt ctaagaaacc attattatca tgacattaac ctataaaaat 6540
aggcgtatca cgaggccctt tegtcectegeg cgttteggtg atgacggtga aaacctctga 6600
cacatgcagce tcccggagac ggtcacaget tgtcectgtaag cggatgcegyg gagcagacaa 6660
gccegtcagyg gegegtcage gggtgttgge gggtgtcggg getggcttaa ctatgcggca 6720
tcagagcaga ttgtactgag agtgcaccat atgcggtgtg aaataccgca cagatgcgta 6780
aggagaaaat accgcatcag gaaattgtaa acgttaatat tttgttaaaa ttcgcgttaa 6840
atttttgtta aatcagctca ttttttaacc aataggccga aatcggcaaa atcccttata 6900
aatcaaaaga atagaccgag atagggttga gtgttgttcc agtttggaac aagagtccac 6960
tattaaagaa cgtggactcc aacgtcaaag ggcgaaaaac cgtctatcag ggcgatggcce 7020
cactacgtga accatcaccc taatcaagtt ttttggggtc gaggtgccgt aaagcactaa 7080
atcggaacce taaagggagc ccccgattta gagettgacyg gggaaagcecyg gcgaacgtgg 7140
cgagaaagga agggaagaaa gcgaaaggag cgggcgctag ggcegetggea agtgtagcegg 7200
tcacgetgeg cgtaaccacce acacccegecg cgettaatge gecgetacag ggcgegtege 7260
gccattcecgee attcaggcta cgcaactgtt gggaagggeg atcggtgegg gcectettege 7320
tattacgcca ggctgca 7337

<210> SEQ ID NO 27
<211> LENGTH: 8223

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: PolyA-3XmiR-CB-AAT
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: enhancer

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: promoter

<222> LOCATION:

(17) ..

(182) .

(549) .

(163)

. (548)

. (1795)

enhancer

Inverted terminal repeats

<223> OTHER INFORMATION: Chicken beta actin promoter
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

Intron
(826) .

. (1795)

<223> OTHER INFORMATION: Intron
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1796) .. (1898)

<223> OTHER INFORMATION: Globin
<220> FEATURE:
<221> NAME/KEY: gene

<222> LOCATION:

(1921) .. (3174)

<223> OTHER INFORMATION: Hardened alpha-1 antitrypsin
<220> FEATURE:
<221> NAME/KEY: misc_signal

<222> LOCATION:

(3175) .. (3204)

(ITR)

(AAT)
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<223> OTHER INFORMATION: Cmyc-tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3237)..(3264)

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3265)..(3285

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3305)..(3323)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3328)..(3368

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3381)..(3409

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3410)..(3430)

<223> OTHER INFORMATION: Antisense 914
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3450)..(3468

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3473)..(3513)

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3526)..(3554)

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3555)..(3575

<223> OTHER INFORMATION: Antisense 943
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3595)..(3613)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3618)..(3658

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: polyA signal

<222> LOCATION: (3677)..(3889

<223> OTHER INFORMATION: polyA tail
<220> FEATURE:

<221> NAME/KEY: promoter

<222> LOCATION: (4030)..(4158

<223> OTHER INFORMATION: thymidine kinase promoter (Tkp)
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (4170)..(4973)

<223> OTHER INFORMATION: Neomycin resistance gene
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5226)..(5371)

<223> OTHER INFORMATION: Inverted terminal repeats (ITR)
<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (6391).. (7251

<223> OTHER INFORMATION: Ampicillin resistance gene (complement)

<400> SEQUENCE: 27

9999999999 9gggggggtt ggccactcce tctetgegeg ctegeteget cactgaggec 60
gggcgaccaa aggtcegeceg acgeceggge tttgcceggg cggectcagt gagegagega 120
gegegeagag agggagtgge caactccatce actaggggtt cctagatctg aatteggtac 180

cctagttatt aatagtaatc aattacgggg tcattagttce atagcccata tatggagtte 240
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cgegttacat aacttacggt aaatggecceg cctggetgac cgcccaacga ccccegecca 300
ttgacgtcaa taatgacgta tgttcccata gtaacgecaa tagggacttt ccattgacgt 360
caatgggtgg actatttacg gtaaactgce cacttggcag tacatcaagt gtatcatatg 420
ccaagtacge ccectattga cgtcaatgac ggtaaatgge cegectggea ttatgceccag 480
tacatgacct tatgggactt tcctacttgg cagtacatet acgtattagt catcgetatt 540
accatggtcg aggtgagccce cacgttetge ttcactetece cecatctcecece ccecteccca 600
ccecccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg ggcggggggy 660
g9g9gggggge gegegecagg ¢ggggegyggy cggggcgagyg ggceggggcegy ggegaggegy 720
agaggtgcgyg cggcagccaa tcagagegge gegctccgaa agtttecttt tatggegagg 780
cggeggegge ggceggecocta taaaaagega agegegegge gggegggagt cgetgegacg 840
ctgecttege ccegtgeccee gotoegeege cgectegege cgeecgecce ggetcetgact 900
gaccgegtta cteccacagg tgagegggeyg ggacggecct tcetecteegg getgtaatta 960
gcgettggtt taatgacgge ttgtttettt tectgtggctyg cgtgaaagece ttgaggggcet 1020
cecgggaggge cctttgtgeg ggggggageg getcgggggg tgcgtgegtg tgtgtgtgeg 1080
tggggagcege cgegtgegge cegegetgee cggeggetgt gagegetgeg ggegeggege 1140
ggggctttgt gegetcegea gtgtgegega ggggagegeg gocgggggeyg gtgeccegeg 1200
gtgcgggggg ggctgcgagg ggaacaaagg ctgcgtgegg ggtgtgtgeg tgggggggtyg 1260
agcagggggt gtgggegegg cggteggget gtaaccecee cetgcaccce cctcecccegag 1320
ttgctgagca cggcccggcet tegggtgcegg ggctceccgtac ggggcegtgge geggggctceg 1380
cegtgeeggg ©ggggggtgg cggcaggtgg gggtgceggg cggggegggg ccgcectceggyg 1440
cecggggaggg ctegggggag gggegeggceg geccccggag cgccggeggce tgtcgaggeg 1500
cggcgagcecg cagccattge cttttatggt aatcgtgcega gagggcgcag ggacttectt 1560
tgtcccaaat ctgtgeggag ccgaaatetyg ggaggegeeg cegecaccece tcetageggge 1620
geggggcegaa gceggtgegge gecggcagga aggaaatggg cggggaggge cttegtgegt 1680
cgecgegecg cegtecceett ctecctetee agectegggg ctgteccgegg ggggacggcet 1740
geccttegggyg gggacggggce agggcggggt teggcecttcetg gegtgtgacce ggeggctceta 1800
gagcctcectge taaccatgtt catgecttet tetttttect acagctecctg ggcaacgtge 1860
tggttattgt gctgtctcat cattttggca aagaattcct cgaagatcta ggcctgcagg 1920
atgccgtett ctgtctegtyg gggcatccte ctgctggcag gectgtgcectg cetggteect 1980
gtcteccctgg ctgaggatce ccagggagat gcectgcccaga agacagatac atcccaccat 2040
gatcaggatc acccaacctt caacaagatc acccccaacc tggctgagtt cgecttcage 2100
ctataccgcce agctggcaca ccagtccaac agcaccaata tcttcecttcte cccagtgagce 2160
atcgctacag cctttgcaat gcectctceectg gggaccaagg ctgacactca cgatgaaatc 2220
ctggagggcce tgaatttcaa cctcacggag attccggagg ctcagatcca tgaaggctte 2280
caggaactce tcegtaccct caaccageca gacagccage tccagetgac caccggcaat 2340
ggcctgttee tcagcgaggg cctgaagcta gtggataagt ttttggagga tgttaaaaag 2400
ttgtaccact cagaagcctt cactgtcaac ttcggggaca ccgaagaggc caagaaacag 2460
atcaacgatt acgtggagaa gggtactcaa gggaaaattg tggatttggt caaggagctt 2520
gacagagaca cagtttttgc tctggtgaat tacatcttcect ttaaaggcaa atgggagaga 2580
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ccetttgaag tcaaggacac cgaggaagag gacttccacyg tggaccaggt gaccaccgtg 2640
aaggtgccta tgatgaagcg tttaggcatg tttaacatcc agcactgtaa gaagctgtcce 2700
agctgggtgce tgctgatgaa atacctgggce aatgccaccg ccatcttctt cectgectgat 2760
gaggggaaac tacagcacct ggaaaatgaa ctcacccacg atatcatcac caagttcctg 2820
gaaaatgaag atcgccgtag cgcttctetg cacctgccca agttaagcat caccggcacy 2880
tacgacctga agagcgtcecct gggtcaactg ggcatcacta aggtcttcag caatggggct 2940
gacctcteeyg gggtcacaga ggaggcacce ctgaagetcet ccaaggecgt gcataagget 3000
gtgctgacca tcgacgagaa agggactgaa gctgctgggg ccatgttttt agaggccata 3060
cccatgtecta tecccecccecga ggtcaagtte aacaaaccct ttgtcttctt aatgattgaa 3120
caaaatacca agtctcceccect cttcatggga aaagtggtga atcccaccca aaaagagcag 3180
aagctgatca gcgaggagga cctgtagect geaggcegeeg gcegaccggtyg ctagecctgg 3240
aggcttgetg aaggctgtat gcectgtaagct ggcagacctt ctgtegtttt ggccactgac 3300
tgacgacaga agctgccagc ttacaggaca caaggcctgt tactagcact cacatggaac 3360
aaatggccac cggtatgcat cctggaggct tgctgaaggce tgtatgctga atgtaagcetg 3420
gcagacctte gttttggcca ctgactgacg aaggtctcag cttacattca ggacacaagg 3480
cctgttacta gcactcacat ggaacaaatg gccgctaget cgcgacctgg aggcttgetg 3540
aaggctgtat gctgataggt tccagtaatg gacaggtttt ggccactgac tgacctgtcce 3600
atctggaacc tatcaggaca caaggcctgt tactagcact cacatggaac aaatggcctce 3660
gcgatgcate tagagcggcce gcggggatcce agacatgata agatacattg atgagtttgg 3720
acaaaccaca actagaatgc agtgaaaaaa atgctttatt tgtgaaattt gtgatgctat 3780
tgctttattt gtaaccatta taagctgcaa taaacaagtt aacaacaaca attgcattca 3840
ttttatgttt caggttcagg gggaggtgtg ggaggttttt tagtcgacct cgagcagtgt 3900
ggttttgcaa gaggaagcaa aaagcctctc cacccaggcec tggaatgttt ccacccaagt 3960
cgaaggcagt gtggttttgc aagaggaagc aaaaagcctc tccacccagg cctggaatgt 4020
ttccacccaa tgtcgagcaa ccccgceccag cgtettgtca ttggcgaatt cgaacacgca 4080
gatgcagtcg gggcggcgceg gteccaggte cacttcecgcat attaaggtga cgegtgtgge 4140
ctcgaacacc gagcgaccct gcagccaata tgggatcggce cattgaacaa gatggattgce 4200
acgcaggttc tccggccget tgggtggaga ggctattegg ctatgactgg gcacaacaga 4260
caatcggctg ctctgatgec gecgtgttcee ggetgtcage gcaggggcge cceggttettt 4320
ttgtcaagac cgacctgtcc ggtgccectga atgaactgca ggacgaggca gcgcggctat 4380
cgtggetgge cacgacgggce gttecttgceg cagetgtget cgacgttgte actgaagegg 4440
gaagggactg gctgctattg ggcgaagtgce cggggcagga tctcectgtca tctcaccttg 4500
ctecctgecga gaaagtatcece atcatggctg atgcaatgeg gecggctgcat acgcttgatce 4560
cggctacctyg cccattcgac caccaagcga aacatcgcat cgagcgagca cgtactcgga 4620
tggaagccgg tcettgtcgat caggatgatc tggacgaaga gcatcagggg ctcgcegccag 4680
ccgaactgtt cgccaggctce aaggcgegcea tgeccgacgyg cgaggatcte gtcegtgacce 4740
atggcgatgce ctgcttgccg aatatcatgg tggaaaatgg ccgcttttet ggattcatcg 4800
actgtggceg getgggtgtyg geggaccgcet atcaggacat agcegttgget acccgtgata 4860
ttgctgaaga gcttggcgge gaatgggctg accgcttect cgtgctttac ggtatcgecg 4920
ctccecgatte gecagecgcate gecttcectate gecttettga cgagttcectte tgaggggatce 4980



121

US 9,226,976 B2

122

-continued
cgtcgactag agctcgctga tcagectcga ctgtgcectte tagttgccag ccatctgttg 5040
tttgccecte ceccegtgect tecttgacce tggaaggtge cactcccact gtectttect 5100
aataaaatga ggaaattgca tcgcattgtc tgagtaggtg tcattctatt ctggggggtg 5160
gggtggggca ggacagcaag ggggaggatt gggaagacaa tagcaggcat gctggggaga 5220
gatctaggaa cccctagtga tggagttgge cactccectet ctgecgegetce gctegctceac 5280
tgaggccgee cgggcaaagce ccgggegteg ggcgaccttt ggtegecegyg cctcagtgag 5340
cgagegageg cgcagagagg gagtggecaa ceccccceee ccececccectyg cagecctgea 5400
ttaatgaatc ggccaacgcg cggggagagg cggtttgegt attgggcget cttecgette 5460
ctecgetcecact gactcgctge getecggtegt tceggctgegg cgagcggtat cagctcactce 5520
aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga acatgtgage 5580
aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggcegt ttttccatag 5640
gctecgecee cctgacgage atcacaaaaa tcgacgetca agtcagaggt ggcgaaaccce 5700
gacaggacta taaagatacc aggcgtttcc ccctggaage tcecctegtge gctetectgt 5760
tcecgaccectg cecgcttaceg gatacctgte cgectttete cecttecgggaa gegtggeget 5820
ttctcaatge tcacgctgta ggtatctcag ttecggtgtag gtcecgttcecget ccaagetggg 5880
ctgtgtgcac gaacccceeg ttcagcccga ccgcectgegece ttatccggta actatcgtcet 5940
tgagtccaac ccggtaagac acgacttatc gccactggca gcagccactg gtaacaggat 6000
tagcagagcg aggtatgtag gcggtgctac agagttcettg aagtggtggce ctaactacgg 6060
ctacactaga aggacagtat ttggtatctg cgctctgctg aagccagtta ccttcecggaaa 6120
aagagttggt agctcttgat ccggcaaaca aaccaccgct ggtageggtg gtttttttgt 6180
ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt tgatctttte 6240
tacggggtct gacgctcagt ggaacgaaaa ctcacgttaa gggattttgg tcatgagatt 6300
atcaaaaagg atcttcacct agatcctttt aaattaaaaa tgaagtttta aatcaatcta 6360
aagtatatat gagtaaactt ggtctgacag ttaccaatgc ttaatcagtg aggcacctat 6420
ctcagcgatc tgtctatttc gttcatccat agttgcctga ctccecegteg tgtagataac 6480
tacgatacgg gagggcttac catctggcce cagtgctgca atgataccgce gagacccacg 6540
ctcaccgget ccagatttat cagcaataaa ccagccagece ggaagggcecyg agcgcagaag 6600
tggtcctgca actttatceg cctccatcca gtctattaat tgttgeccggg aagctagagt 6660
aagtagttcg ccagttaata gtttgcgcaa cgttgttgcc attgctacag gcatcgtggt 6720
gtcacgcteg tegtttggta tggcecttcatt cagctccggt tceccaacgat caaggcgagt 6780
tacatgatcc cccatgttgt gcaaaaaagc ggttagctcce ttcggtceccte cgatcecgttgt 6840
cagaagtaag ttggccgcag tgttatcact catggttatg gcagcactgce ataattctct 6900
tactgtcatg ccatccgtaa gatgctttte tgtgactggt gagtactcaa ccaagtcatt 6960
ctgagaatag tgtatgcggc gaccgagttg ctcettgccecg gecgtcaatac gggataatac 7020
cgcgccacat agcagaactt taaaagtgct catcattgga aaacgttctt cggggcgaaa 7080
actctcaagg atcttaccge tgttgagatc cagttcgatg taacccactce gtgcacccaa 7140
ctgatcttca gcatctttta ctttcaccag cgtttctggg tgagcaaaaa caggaaggca 7200
aaatgccgca aaaaagggaa taagggcgac acggaaatgt tgaatactca tactcttcect 7260
ttttcaatat tattgaagca tttatcaggg ttattgtctc atgagcggat acatatttga 7320
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atgtatttag

tgacgtctaa

geecetttegt

ggagacggtc

gtcagcgggt

actgagagtyg

catcaggaaa

agctcatttt

accgagatag

gactccaacyg

tcaccctaat

gggagcccce

aagaaagcga

accaccacac

aggctacgca

gca

aaaaataaac

gaaaccatta

ctegegegtt

acagcttgte

gttggcgggt

caccatatge

ttgtaaacgt

ttaaccaata

ggttgagtgt

tcaaagggcyg

caagtttttt

gatttagagce

aaggagcggyg

cegecgeget

actgttggga

<210> SEQ ID NO 28
<211> LENGTH: 8360

<212> TYPE:

DNA

aaataggggt

ttatcatgac

tcggtgatga

tgtaagcgga

gteggggetyg

ggtgtgaaat

taatattttg

ggccgaaatce

tgttccagtt

aaaaaccgtce

ggggtcegagg

ttgacgggga

cgctagggcg

taatgcgeeg

agggcgatcg

tccgegeaca

attaacctat

cggtgaaaac

tgccgggagc

gcttaactat

accgcacaga

ttaaaattcg

ggcaaaatce

tggaacaaga

tatcagggeyg

tgccgtaaag

aagccggega

ctggcaagtyg

ctacagggeyg

gthgggCCt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Double-é6XmiR-CB-AAT
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: enhancer

<222> LOCATION:
<223> OTHER INFORMATION: Enhancer

<220> FEATURE:
<221> NAME/KEY: promoter

<222> LOCATION:

(17) ..

(182) .

(549) .

(163)

. (548)

. (1482)

tttcceccgaa aagtgecace

aaaaataggc gtatcacgag

ctctgacaca tgcagcetece

agacaagccce gtcagggege

geggecatcag agcagattgt

tgcgtaagga gaaaataccyg

cgttaaattt ttgttaaatc

cttataaatc aaaagaatag

gtccactatt aaagaacgtg

atggcccact acgtgaacca

cactaaatcg gaaccctaaa

acgtggcgag aaaggaaggg

tagcggtcac gctgegegta

cgtegegeca ttegecatte

cttegetatt acgccagget

Inverted terminal repeats (ITR)

<223> OTHER INFORMATION: Chicken beta actin promoter
<220> FEATURE:

<221> NAME/KEY :
<222> LOCATION:

Intron
(826) .

. (1482)

<223> OTHER INFORMATION: Intron
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1503) .. (1529)

<223> OTHER INFORMATION: 5' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1530) .. (1550)

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:
<223> OTHER INFORMATION:

<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1570) .. (1588)

(1593) ..(1633)

<223> OTHER INFORMATION: 3' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1646) .. (1674)

<223> OTHER INFORMATION: 5' miR
<220> FEATURE:
<221> NAME/KEY: misc_feature

<222> LOCATION:

(1675) .. (1695)

Sense delta 2

<223> OTHER INFORMATION: Antisense 914

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8223
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<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1715)..(1733)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1738)..(1778

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1791)..(1819

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1820)..(1840)

<223> OTHER INFORMATION: Antisense 943
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1860)..(1878

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1883)..(1923)

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1936)..(2035)

<223> OTHER INFORMATION: Globin

<220> FEATURE:

<221> NAME/KEY: gene

<222> LOCATION: (2058)..(3311

<223> OTHER INFORMATION: Hardened alpha-1 antitrypsin (AAT)
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (3312)..(3341)

<223> OTHER INFORMATION: Cmyc-tag
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3374)..(3401

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3402)..(3422)

<223> OTHER INFORMATION: Antisense 901
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3442)..(3460)

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3465)..(3505

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3518)..(3546)

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3547)..(3567

<223> OTHER INFORMATION: Antisense 914
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3587)..(3605

<223> OTHER INFORMATION: Sense delta 2
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3610)..(3650

<223> OTHER INFORMATION: 3' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3663)..(3691

<223> OTHER INFORMATION: 5' miR

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3692)..(3712)

<223> OTHER INFORMATION: Antisense 943
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3732)..(3750
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: Sense delta 2

FEATURE:

NAME/KEY: misc_feature
LOCATION: (3755)..(3795

OTHER INFORMATION: 3' miR
FEATURE:

NAME/KEY: polyA signal
LOCATION: (3814)..(4026)
OTHER INFORMATION: polyA tail
FEATURE:

NAME/KEY: promoter

LOCATION: (4167)..(4295)
OTHER INFORMATION: thymidine kinase promoter (Tkp)

FEATURE:
NAME/KEY: gene

LOCATION: (4307)..(5110)

OTHER INFORMATION: Neomycin resistance gene
FEATURE:

NAME/KEY: misc_feature

LOCATION: (5363)..(5508)

OTHER INFORMATION: Inverted terminal repeats (ITR)

FEATURE:

NAME/KEY: gene

LOCATION: (6528)..(7388)

OTHER INFORMATION: Ampicillin resistance gene (complement)

SEQUENCE: 28

9999999999 9gggggggtt ggccactcce tctetgegeg ctegeteget cactgaggec

gggcgaccaa aggtcegeceg acgeceggge tttgcceggg cggectcagt gagegagega

gegegeagag agggagtgge caactccatce actaggggtt cctagatctg aatteggtac

cctagttatt aatagtaatc aattacgggg tcattagttce atagcccata tatggagtte

cgegttacat aacttacggt aaatggecceg cctggetgac cgcccaacga ccccegecca

ttgacgtcaa taatgacgta tgttcccata gtaacgecaa tagggacttt ccattgacgt

caatgggtgg actatttacg gtaaactgce cacttggcag tacatcaagt gtatcatatg

ccaagtacge ccectattga cgtcaatgac ggtaaatgge cegectggea ttatgceccag

tacatgacct tatgggactt tcctacttgg cagtacatet acgtattagt catcgetatt

accatggtcg aggtgagccce cacgttetge ttcactetece cecatctcecece ccecteccca

cccccaattt tgtatttatt tattttttaa ttattttgtg cagegatggg ggeggggggg

dgggggggygce gegcgcecagyg <©ggggcegggg cggggcegagg dgcggggcygg ggegaggedgy

agaggtgcgyg cggcagccaa tcagagegge gegctccgaa agtttecttt tatggegagg

cggeggegge ggceggecocta taaaaagega agegegegge gggegggagt cgetgegacg

ctgecttege ccegtgeccee gotoegeege cgectegege cgeecgecce ggetcetgact

gaccgegtta cteccacagg tgagegggeyg ggacggecct tcetecteegg getgtaatta

gegettggtt taatgacgge ttgtttettt tetgtggetg cgtgaaagec ttgagggget

cecgggaggge cctttgtgeg ggggggageg getcgggggg tgcgtgegtg tgtgtgtgeg

tggggagcgc CgCgthggC CCgCgCthC cggcggctgt gagcgctgcg ggcgcggcgce

ggggcetttgt gcgetecgea gtgtgcgega ggggagegeg gecgggggeg gtgeccegeg

gtgcgggggg ggctgcgagg ggaacaaagg ctgcgtgegg ggtgtgtgeg tgggggggtyg

agcagggggt gtgggegegg cggteggget gtaaccecee cetgcaccce cctcecccegag

ttgctgagca cggccegget tegggtgegg ggeteegtac ggggegtgge geggggeteg

cegtgeeggg ©ggggggtgg cggcaggtgg gggtgceggg cggggegggg ccgcectceggyg

ccggggaggg ctegggggag gggegeggeg geccccggag cgccggcegac cggtgetage

cctggagget tgctgaagge tgtatgetgt aagetggeag accttetgte gttttggeca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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ctgactgacg acagaagctg ccagcttaca ggacacaagg cctgttacta gcactcacat 1620
ggaacaaatg gccaccggta tgcatcctgg aggcttgctg aaggctgtat gctgaatgta 1680
agctggcaga ccttegtttt ggccactgac tgacgaaggt ctcagcttac attcaggaca 1740
caaggcctgt tactagcact cacatggaac aaatggccgce tagctcgcga cctggaggct 1800
tgctgaaggce tgtatgctga taggttccag taatggacag gttttggcca ctgactgacc 1860
tgtccatctg gaacctatca ggacacaagg cctgttacta gcactcacat ggaacaaatg 1920
gcctegegat gcatctagag cctetgctaa ccatgttcat gecttettet ttttectaca 1980
gctectggge aacgtgectgg ttattgtget gtctcatcat tttggcaaag aattcectega 2040
agatctaggc ctgcaggatg ccgtcttctg tctegtgggg catcctectg ctggcaggcece 2100
tgtgctgect ggtcectgte tecctggetg aggatccecca gggagatgcet geccagaaga 2160
cagatacatc ccaccatgat caggatcacc caaccttcaa caagatcacc cccaacctgg 2220
ctgagttecge cttcagccta taccgccage tggcacacca gtccaacagce accaatatct 2280
tcttectecece agtgagcatce gcectacagect ttgcaatget ctceccectgggg accaaggcetg 2340
acactcacga tgaaatcctg gagggcctga atttcaacct cacggagatt ccggaggcetce 2400
agatccatga aggcttccag gaactcctece gtaccctcaa ccagccagac agccagetce 2460
agctgaccac cggcaatggc ctgttcectca gcgagggect gaagctagtg gataagtttt 2520
tggaggatgt taaaaagttg taccactcag aagccttcac tgtcaacttc ggggacaccg 2580
aagaggccaa gaaacagatc aacgattacg tggagaaggg tactcaaggyg aaaattgtgg 2640
atttggtcaa ggagcttgac agagacacag tttttgctct ggtgaattac atcttcettta 2700
aaggcaaatg ggagagaccc tttgaagtca aggacaccga ggaagaggac ttccacgtgg 2760
accaggtgac caccgtgaag gtgcctatga tgaagcgttt aggcatgttt aacatccagc 2820
actgtaagaa gctgtccage tgggtgctge tgatgaaata cctgggcaat gccaccgceca 2880
tcttettect gectgatgag gggaaactac agcacctgga aaatgaactce acccacgata 2940
tcatcaccaa gttcctggaa aatgaagatc gccgtagege ttctcectgcac ctgcccaagt 3000
taagcatcac cggcacgtac gacctgaaga gcgtcctggg tcaactgggce atcactaagg 3060
tcttcagcaa tggggctgac ctcectceccegggg tcacagagga ggcacccctg aagctcetceca 3120
aggcegtgca taaggetgtg ctgaccatceg acgagaaagg gactgaaget gctggggceca 3180
tgtttttaga ggccataccc atgtctatce ccceccgaggt caagttcaac aaaccctttg 3240
tcttecttaat gattgaacaa aataccaagt ctcecccctett catgggaaaa gtggtgaatce 3300
ccacccaaaa agagcagaag ctgatcageg aggaggacct gtagectgca ggcgecggeg 3360
accggtgecta geccctggagg cttgctgaag gctgtatget gtaagetgge agaccttcetg 3420
tcgttttgge cactgactga cgacagaagc tgccagctta caggacacaa ggcctgttac 3480
tagcactcac atggaacaaa tggccaccgg tatgcatcct ggaggcttgce tgaaggctgt 3540
atgctgaatg taagctggca gaccttegtt ttggccactg actgacgaag gtctcagett 3600
acattcagga cacaaggcct gttactagca ctcacatgga acaaatggcc gctagctcegce 3660
gacctggagg cttgctgaag gctgtatget gataggttec agtaatggac aggttttgge 3720
cactgactga cctgtccatc tggaacctat caggacacaa ggcctgttac tagcactcac 3780
atggaacaaa tggcctecgeg atgcatctag ageggccgeg gggatccaga catgataaga 3840
tacattgatg agtttggaca aaccacaact agaatgcagt gaaaaaaatg ctttatttgt 3900
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gaaatttgtg atgctattgc tttatttgta accattataa gctgcaataa acaagttaac 3960
aacaacaatt gcattcattt tatgtttcag gttcaggggg aggtgtggga ggttttttag 4020
tcgacctecga gcagtgtggt tttgcaagag gaagcaaaaa gcctctccac ccaggcectgg 4080
aatgtttcca cccaagtcga aggcagtgtg gttttgcaag aggaagcaaa aagcctctcece 4140
acccaggcect ggaatgttte cacccaatgt cgagcaaccce cgcccagcgt cttgtcattg 4200
gcgaattcga acacgcagat gcagtcgggg cggcgcggte ccaggtccac ttcegcatatt 4260
aaggtgacgce gtgtggectce gaacaccgag cgaccctgea gccaatatgg gatcggecat 4320
tgaacaagat ggattgcacg caggttctce ggcecgcttgg gtggagaggce tattcggcta 4380
tgactgggca caacagacaa tcggctgcte tgatgccgece gtgtteccgge tgtcagcecgca 4440
ggggcgceeg gttetttttg tcaagaccga cctgtecggt gecctgaatg aactgcagga 4500
cgaggcagcg cggctatcegt ggctggccac gacgggegtt ccecttgegcag ctgtgctega 4560
cgttgtcact gaagcgggaa gggactggct gctattgggce gaagtgccgg ggcaggatct 4620
cctgtcatct caccttgecte ctgccgagaa agtatccatc atggctgatg caatgcggceg 4680
gctgcatacg cttgatccgg ctacctgeccce attcgaccac caagcgaaac atcgcatcga 4740
gcgagcacgt actcggatgg aagccggtct tgtcgatcag gatgatctgg acgaagagca 4800
tcaggggcte gegecagecg aactgttege caggctcaag gegegcatge ccgacggcga 4860
ggatctcgte gtgacccatg gcgatgectg cttgccgaat atcatggtgg aaaatggcecyg 4920
cttttectgga ttcatcgact gtggccggct gggtgtggeg gaccgctatce aggacatagce 4980
gttggctacc cgtgatattg ctgaagagct tggcggcgaa tgggctgacc gcttectegt 5040
gctttacggt atcgecgcte ccgattegca gecgcatcgece ttcectatcgece ttettgacga 5100
gttcttctga ggggatccgt cgactagagce tcgctgatca gectcgactg tgccttetag 5160
ttgccagecca tetgttgttt geccctecce cgtgecttece ttgaccctgg aaggtgccac 5220
tceccactgte ctttectaat aaaatgagga aattgcatcg cattgtctga gtaggtgtca 5280
ttctattetyg gggggtgggy tggggcagga cagcaagggg gaggattggg aagacaatag 5340
caggcatgct ggggagagat ctaggaaccce ctagtgatgg agttggccac tecctetcetg 5400
cgegeteget cgctcactga ggccgeccgg geaaagcecceg ggegteggge gacctttggt 5460
cgeceggect cagtgagcga gcgagegege agagagggag tggccaacce ccccccccce 5520
cceectgecag cectgcatta atgaatcgge caacgcgegg ggagaggcgg tttgegtatt 5580
gggcgctett cegettecte gctcactgac tecgctgeget cggtegttceg gctgeggcega 5640
gcggtatcag ctcactcaaa ggcggtaata cggttatcca cagaatcagg ggataacgca 5700
ggaaagaaca tgtgagcaaa aggccagcaa aaggccagga accgtaaaaa ggccgegttg 5760
ctggcgtttt tccataggcect ccgcccccct gacgagcatc acaaaaatcg acgctcaagt 5820
cagaggtggce gaaacccgac aggactataa agataccagg cgtttcccee tggaagetce 5880
ctegtgeget ctectgttec gaccctgecg cttaccggat acctgtceccge cttteteect 5940
tcgggaagceg tggcgcttte tcaatgctca cgectgtaggt atctcagtte ggtgtaggtce 6000
gttcgcteca agetgggctg tgtgcacgaa cccccegtte agecccgaccg ctgecgcectta 6060
tcecggtaact atcgtcttga gtccaacccg gtaagacacg acttatcgecce actggcagca 6120
gccactggta acaggattag cagagcgagg tatgtaggcg gtgctacaga gttcecttgaag 6180
tggtggccta actacggcta cactagaagg acagtatttg gtatctgcge tetgctgaag 6240
ccagttacct tcggaaaaag agttggtagce tcttgatccg gcaaacaaac caccgctggt 6300
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agcggtggtt tttttgtttg caagcagcag attacgcgca gaaaaaaagg atctcaagaa 6360
gatcctttga tettttctac ggggtctgac gctcagtgga acgaaaactc acgttaaggg 6420
attttggtca tgagattatc aaaaaggatc ttcacctaga tccttttaaa ttaaaaatga 6480
agttttaaat caatctaaag tatatatgag taaacttggt ctgacagtta ccaatgctta 6540
atcagtgagg cacctatctc agcgatctgt ctatttegtt catccatagt tgcctgactce 6600
ccegtegtgt agataactac gatacgggag ggcttaccat ctggccccag tgctgcaatg 6660
ataccgcgag acccacgctc accggctceca gatttatcag caataaacca gccagecgga 6720
agggccgagce gcagaagtgg tcecctgcaact ttatccgect ccatccagte tattaattgt 6780
tgccgggaag ctagagtaag tagttcgcca gttaatagtt tgcgcaacgt tgttgccatt 6840
gctacaggca tcgtggtgte acgctcecgteg tttggtatgg cttcattcag cteecggttece 6900
caacgatcaa ggcgagttac atgatcccce atgttgtgca aaaaagcggt tagctcectte 6960
ggtccteega tegttgtcag aagtaagttg geccgcagtgt tatcactcat ggttatggca 7020
gcactgcata attctcttac tgtcatgcca tccgtaagat gettttetgt gactggtgag 7080
tactcaacca agtcattctg agaatagtgt atgcggcgac cgagttgctce ttgcccggeg 7140
tcaatacggg ataataccgc gccacatagce agaactttaa aagtgctcat cattggaaaa 7200
cgttcttegg ggcgaaaact ctcaaggatc ttaccgetgt tgagatccag ttcgatgtaa 7260
cccactegtg cacccaactg atcttcagca tcttttactt tcaccagcgt ttcectgggtga 7320
gcaaaaacag gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg gaaatgttga 7380
atactcatac tcttecctttt tcaatattat tgaagcattt atcagggtta ttgtctcatg 7440
agcggataca tatttgaatg tatttagaaa aataaacaaa taggggttcc gcgcacattt 7500
cceccgaaaag tgccacctga cgtctaagaa accattatta tcatgacatt aacctataaa 7560
aataggcgta tcacgaggcc ctttcegtcte gcgegttteg gtgatgacgg tgaaaacctce 7620
tgacacatgc agctcccgga gacggtcaca gcttgtetgt aagcggatgce cgggagcaga 7680
caagccegte agggcgcgte agegggtgtt ggegggtgtce ggggctgget taactatgeg 7740
gcatcagagc agattgtact gagagtgcac catatgcggt gtgaaatacc gcacagatgce 7800
gtaaggagaa aataccgcat caggaaattg taaacgttaa tattttgtta aaattcgcgt 7860
taaatttttg ttaaatcagc tcatttttta accaataggc cgaaatcggc aaaatccctt 7920
ataaatcaaa agaatagacc gagatagggt tgagtgttgt tccagtttgg aacaagagtc 7980
cactattaaa gaacgtggac tccaacgtca aagggcgaaa aaccgtctat cagggcgatg 8040
gcccactacg tgaaccatca ccctaatcaa gttttttggg gtcecgaggtgce cgtaaagcac 8100
taaatcggaa ccctaaaggg agcccccgat ttagagettyg acggggaaag ccggcgaacyg 8160
tggcgagaaa ggaagggaag aaagcgaaag gagcgggcege tagggcgcetyg gcaagtgtag 8220
cggtcacget gcegegtaacce accacacceg cegegcettaa tgegecgeta cagggegegt 8280
cgcgecatte geccattcagg ctacgcaact gttgggaagg gcgatcggtg cgggectcett 8340
cgctattacg ccaggctgca 8360

<210> SEQ ID NO 29
<211> LENGTH: 18

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Forward primer for PIM and PIZ
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-continued

<400> SEQUENCE: 29

ccaaggccgt gcataagg 18

<210> SEQ ID NO 30

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Reverse primer for PIM and PIZ

<400> SEQUENCE: 30

ggccccageca gcttcagt 18

<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Probe for PIZ (mutant AAT)
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 6FAM probe molecule
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: MGBNFQ probe molecule
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 31

nctgaccatc gacaagan 18

<210> SEQ ID NO 32

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Probe for PIM (wild-type AAT)
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 6FAM probe molecule
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: n is a, ¢, g, or t
<220> FEATURE:

<221> NAME/KEY: misc_signal

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: MGBNFQ probe molecule
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 32

nctgaccatc gacgagan 18
What is claimed is: to hybridize with and inhibit expression of the endog-
1. A recombinant adenoviral associated vector (rAAV) enous mRNA, wherein the endogenous mRNA encodes
comprising: ) a mutant alpha anti-trypsin (AAT) protein; and
(a) a first region that encodes one or more first miRNAs 65
comprising a nucleic acid having sufficient sequence (b) a second region encoding an exogenous mRNA that

complementary with an endogenous mRNA of a subject encodes a second protein, wherein the second protein is
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awild-type AAT protein, wherein the exogenous mRNA
has one or more silent mutations as compared with the
endogenous mRNA,

wherein the one or more first miRNAs do not comprise a

nucleic acid having sufficient sequence complementary
to hybridize with and inhibit expression of the exog-
enous mRNA, and wherein the first region is positioned
between a portion of the second region encoding the last
codon of the exogenous mRNA and a polyadenylation
sequence of the exogenous mRNA.

2. The rAAV of claim 1, further comprising a third region
encoding a one or more second miRNAs comprising a nucleic
acid having sufficient sequence complementary to hybridize
with and inhibit expression of the endogenous mRNA,
wherein the third region is positioned within an untranslated
portion of the second region.

3. TherAAV of claim 2, wherein the third region is between
the first codon of the exogenous mRNA and a position 1000
nucleotides upstream of the first codon.

4. The rAAV of claim 1, wherein the first region encodes
two first miRNAs.

5. The rAAV of claim 1, wherein the first region encodes
three first miRNAs.

10
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20
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6. The rAAV of claim 2, wherein the third region encodes
two second miRNAs.
7. The rAAV of claim 2, wherein the third region encodes
three second miRNAs.
8. The rAAV of claim 1, wherein the AAT protein is a
human AAT protein.
9. A composition comprising the recombinant AAV of
claim 1.
10. A kit comprising a container housing the composition
of claim 9.
11. A method of expressing Alpha 1-Antitrypsin (AAT)
protein in a subject, the method comprising:
administering to a subject an effective amount ofarAAV of
claim 1.
12. A method of expressing Alpha 1-Antitrypsin (AAT)
protein in a subject, the method comprising:
isolating cells or tissue from a subject;
contacting the cells or tissue with an effective amount of a
rAAV of claim 1, thereby producing transfected cells or
tissue; and
administering the transfected cells or tissue to the subject.
13. The method of claim 12, wherein the tissue is adipose
tissue.



